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Foreword

Since Congress established the Development FundThe objective of this technical paper is to shed
for Africa (DFA) in 1987, the U.S. Agency for Inter- insights on ways of reversing the spiraling decline of
national Development (USAID) has been challengedhe land and the economy in rural Rwanda, with
to scrutinize the effectiveness and impact of itfocus on the forces behind productivity decline in the
projects in Africa and make needed adjustments tRwandan agricultural sector. The results are based
improve its development assistance programs. Struon collaborative research between the Rwandan Min-
tural adjustment reforms have been adopted by mangtry of Agriculture and Michigan State University.
sub-Saharan African countries with some significant

. . . Among the key findings are that Rwandan farmers
progress in market liberalization.

need to sustain and intensify their farming by pro-

As donor agencies face severe cutbacks and réecting the soil against erosion. They should also
structuring, and less assistance becomes available émhance soil fertility through the use of organic mat-
developing countries (not just in sub-Saharan After, chemical fertilizer, and lime.

rica), new ways must be found to channel declining This report focuses on priority strategies and ques-

resources to their most effective and productive USeS s regarding the many issues that have come to the
The USAID Africa Bureau's Office of Sustainable development debate about the highland tropics of

Development, Productive Sector Growth and Envi-

Africa. It systematically applies details, nationwide

ronment Division (AFR/SD/PSGE) has been analyz'survey data to these key questions. Moreover, the

ing the Agency's approach to the agricultural S'ectorreport points to the great value of excellent national

n !|ght of the DFA anq the experience _Of recentagricultural statistics services and the national capac-
policy reform programs in sub-Saharan African coun- o .
ies ity to analyze data and provide insights for policy
ies.
debate.

This document-Promoting Food Security in SD/PSGE believes that this report will be useful to

Rwanda Through Sustainable Agricultural Produc-USAID field missions and many others in Africa,

tivity Growth—is the product of research led by Michi- e .
S Uni v USAID/R q dthe R dprOV|d|ng insights, ideas, and approaches to food
gan State University. wanda and the Rwan E%ecurity strategies and agricultural sector activities.

Ministry of Agriculture were particularly coopera-

tive and helpful in providing counsel and direction

for field research and reviewing the draft report. SD/' 1t Reintsma
PSGE staff also reviewed the document and provided pjyision Chief

comments. USAID/SD/PSGE

Vii
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Executive Summary

The horror of genocide and civil war have turned thesoils and lead to greater hardship. Where farmers are
world’s attention to Rwanda over the last severahow making investments in soil protection and fer-
years. But before and beyond the conflict, there waslization, we report successes. We find success is
hunger and slow, grinding poverty of smallholderoften predicated on confidence in the future (owning
agriculture meeting with severe land scarcity andne’s land), knowledge from extension services, cash
degradation. and labor resources from off-farm earnings, holding

This report is about reversing the spiraling decline“\_IGStOCk that provides manure, and planting peren-
nial cash crops.

of the land and the economy in rural Rwanda. Three
things conspire to accelerate this decline: unsustain- This report focuses on priority strategies and ques-
able land use practices (intensifying land use withoutions regarding many issues of the development de-
sufficient investment in soil fertility and land im- bate about the highland tropics of Africa. It system-
provement), insufficient nonfarm employment, andatically applies detailed, nationwide survey data to
rapid population growth. these key questions. Moreover, the report points to
the great value of excellent national agricultural sta-

We focus on the forces behind productivity decline

in Rwandan agriculture. The report examines hOV&IStICS services and national capacity to analyze data

. s : L and provide insights for policy debate.
erosion, organic input use, soil conservation invest-
ments, use of fertilizer and lime, and land-use strat- This summary reviews (1) the problems and prom-
egies affect productivity. We then examine what deise of Rwandan agriculture, (2) study findings re-
termines farmers’ productivity and conservationgarding determinants of productivity, land use, soil
investments. conservation investments, and use of inputs, and (3)

The results are based on collaborative researc'ﬂOIICy and strategic implications.

between the Rwandan Ministry of Agriculture
(MINAGRI) and Michigan State University. The data PROBLEMS AND PROMISE
derive from a detailed farm-level survey, one of the
most comprehensive in Africa, conducted by the Dig
vision des Statistiques Agricoles (DSA/MINAGRI).
The survey covered a nationwide random sample of
1,248 households, and was undertaken over 11 yealg,
from 1984 to 1994. DSA has been, and we hope will
be again, one of the national treasures of Rwanda.

Rwanda’s rate of population growth is still among
the world’s highest (above 3.0 percent annually).

Rwanda’s average rural population density of
574 inhabitants per square kilometer of arable
land is the highest in Africa. Most arable land is

under cultivation.
Our key findings are that Rwandan farmers need to

sustainably intensify their farming by protecting the™
soil against erosion. They should also enhance soil
fertility through the use of organic matter (manure

and mulch), chemical fertilizer, and lime. [ |

The inevitable intensification of farming, as hold-
ings grow smaller, that is based only on adding mora
labor and cropping more intensely, will degrade the

Per capita food production in Rwanda is declin-
ing, having dropped by 25 percent from 1984 to
1991.

Half of the surveyed farmers reported declining
productivity.

Half of Rwanda’s farmland suffers from moder-
ate to severe erosion.



Farm sizes are very small — averaging 0.83
hectares per household — and getting smaller
with increasing rural population. Land is un-

equally distributed by smallholder African stan-

dards. Use of fragile lands on steep slopes is
expanding, and fallow periods are growing

shorter.

DSA/MINAGRI data for 1984-1991 show that,

cassava yield better on smaller farms (with crop-
ping more intensive in labor). The smaller the
farm, the more land is allocated to bananas and
coffee. However, smaller farmers prefer pota-
toes (sweet and white) to cassava, as the former
have higher yields (per hectare) in caloric terms.
Bananas and white potatoes provide the highest
returns to labor.

except for maize, yields of all major crops (ba-

nanas, beans, sweet potatoes, cassava, sorghtiiELD DETERMINANTS

maize, and coffee) have declined. There has been
a strong decline in the yield of tubers, the mainm
source of calories for the poor.

The Food and Agriculture Organization (FAO)
data support the DSA data on overall productiv-
ity decline. They show that Rwanda lost much of
its yield superiority to similar countries in the m
region during the 1980s — falling behind in
cassava, maize, and sweet potato, and, in com-
parison to some neighbors, in coffee.

Rwanda still has, however, comparatively high
yields in its main cash crops — white potatoes,
sorghum, coffee, and tea. Moreover, despite the
yield declines of the 1980s, bananas and swed
potatoes still can produce large quantities of calo-
ries per hectare. These crops, together with maize
(that has much potential for higher yields), hold
promise either as food or cash crops.

YIELD PATTERNS

B Interzone differences in land productivity are®

substantial for specific crops, and for crops in the

aggregate. The extremes are the two western
zones, with the Northwest producing twice as

much per unit of land as the Southwest.

Compared to larger farms, smaller farms have
higher yields (60-95 percent higher, depending
on the crop), higher marginal value products of.
land, and lower labor productivity.

Coffee and bananas (the key cash crops, and
crops that protect the soil from erosion), and

Smaller farms produce much more (in value
terms) on each additional hectare of land than
what is paid for a hectare of rented land. This
implies land market constraints (access to rent-
ing and acquiring land).

By contrast, smaller farms produce much less (in
value terms) for each additional day of farmwork
than it costs to hire a worker for a day. This
implies that labor is “bottled up” on smaller farms
and that there are constraints on access to labor
market opportunities in the agricultural and nona-
gricultural sectors.

Erosion greatly reduces land productivity. On
very eroded farms an additional hectare pro-
duces 21 percent less than on farms with little
erosion. This loss rises to 36 percent for farms
with a low share of high-value cash crops (ba-
nanas and coffee) and a low share of cultivated
area to which fertilizer or organic matter has
been applied.

Soil conservation investments (bunds, terracing,
grass strips) greatly increase land productivity.
Farms with a relatively high level of soil conser-
vation investments have 25 percent greater land
productivity than those with a low level, all else
being equal. The gain is as high as 33 percent for
farms with a high share of low-value crops (food
crops, annuals) and high erosion.

Cash cropping raises land productivity in terms
of monetary value. Increasing the share of farm
output coming from high-value cash crops (ba-
nanas or coffee) strongly benefits smallholders’



incomes and land productivity (by 50 percent).Soil Conservation Investments

The yield gains from shifting to cash crops are
clearly highest for those with better farm condi-
tions, i.e., with low levels of erosion and high use
of fertilizer and organic matter. u

Expanded use of fragile lands on steep slope®
and shorter fallow periods are driving down land g
productivity over the long run, farmers report.

|
DETERMINANTS OF LAND USE, SOIL
CONSERVATION INVESTMENTS, AND "
USE OF INPUTS ]

]

Land Use

Farmers’ land use tends to bess erosive(more g
protective):

Soil conservation investments (grass strips, bunds,
terraces, etc.)ncreasewith the following:

More profitable agriculture;
Higher rainfall (the threat of runoff);
Less land in fallow;

Plots being higher on the slope or on slopes of
medium steepness;

Owner-operated (not rented) plots;
Smaller farms;

More nonfarm income (enabling farmers to make
more investments); and

Extension (especially for nontraditional types of
investments).

If, on steeper slopes where rainfall is high, IandUse of Organic Matter and Purchased Inputs

is more protected where cash perennials (ba-
nanas and coffee) and woodlot are grown;

Use of improved inputs — organic matter (manure,

] _mulch, etc.) — and purchased inputs (fertilizer and
If plots are owner-operated (not rented), in Wh'ChIime) increaseswith the following:

households have higher confidence in the long
term; u

Regardless of farm size. Farm size does not af¥
fect the erosivity of land use, except for farms
located above 2,000 meters (25 percent of
Rwandan farmland). Most small farms manage
to protect the soil through increased cultivation
of bananas and coffee, but these perennials da
not grow well in high altitudes. More erosive =
annual crops are grown instead;

Where there is more nonfarm income and a higher
off-farm wage. Both reduce the erosivity of land
use, probably by taking pressure off the farmer
to “mine” the land with annuals for food secu-
rity; and

With extension. Farmers’ knowledge of con-
servation- and productivity-enhancing technolo-
gies is strongly and significantly associated with
less erosive forms of land use.

Xi

Less steep slopes (because of runoff)

Owner-operated land (not rental) for organic in-
puts, which are perceived as having long-term
effects. This is not the case with fertilizer and
lime, which are seen to have short-term effects,
and are applied to owned and rented fields alike;

More stable prices (less price risk);

Smaller farms, which use more organic matter
(as they have less fallow), and larger farms, which
use more fertilizer and lime, probably because
they are more able to afford them;

More nonfarm income, which increases the use
of purchased inputs among larger farmers (this
implies a credit constraint). Nonfarm income is
also important to smaller farmers, probably be-
cause it enables them to maintain traditional ex-
tensive practices (fallowing, etc.), and purchase
food when necessary;



B The presence of more livestock (hence morgreatly increase the use of these key inputs and in-
manure), particularly among larger farmers. Morevestments without certain conditions being present.

nonfarm income also increases livestock owner- . . .
) : Farmers need restoration of confidence in the short
ship among larger farmers (as savings);

term after four years of civil war. Without political

B Extension (especially for fertilizer use). stability it will not be possible to expect productivity
investments.

STRATEGIC AND POLICY Agriculture needs to be profitable from the output

IMPLICATIONS price side and the input cost side. We find that the

drop in coffee prices reduced investment, and the
In 1992 the Rwandan government announced its strédigh cost of fertilizer made coffee growing
tegic policy goals to raise and sustain rural foodunaffordable for many.
security: (1) to increase farm productivity and prof-

e § - The general conditions of stability and profitability
itability, (2) to combat soil degradation, and (3) to

are, however, necessary but not sufficient conditions.

diversify rural household incomes to increase PUM\1ore specific policies and programs are needed to
chasing power and reduce pressure on the land (Co@hable farmers to make the investments once the
mission Nationale d’Agriculture, 1992). In addition,

although interest in productivity was traditionally _ _
focused on food self-sufficiency for Rwanda, interest Our work shows that farmers need confidence n
in recent years has turned to increasing the output &€ longer term through secure land tenure. This

products that have promising prospects in intraregiondle€ans reducing the risk of appropriation, and giving
trade. households the right to transact land. This will re-

) o quire a reform of the land laws.
These rural food security objectives depend on

farmers’ sustainable intensification of production. Farmers need knowledge regarding productivity
Growth of agricultural output must keep pace with@nd conservation practices; we show that extension
rapid population growth, and is necessary to build1@s been, and can be, an effective tool for technology
trade ties in the region and abroad. This will requirglissemination in Rwanda.

greater use of improved inputs. Farmers need cash income to buy materials, ani-

What are the priorities for increasing the use ofMals, and labor for productivity and conservation
improved inputs? There are limits to the gains madgeasures. Key sources of cash are nonfarm activities
by merely intensifying cropping by adding labor and@nd cash cropping. Nonfarm activities also increase
increasing crop densities — this will exhaust the soifh® demand for crops through downstream produc-

in short order. Rather, we have identified the follow-tion linkages. Alternative income sources also re-
ing priority strategies: duce pressure on the land. These can be promoted

] ] _ through nonfarm microenterprise programs.
B Greatly increase the use of organic matter (with

mulch from perennials, manure from animals, We believe that the findings presented in this re-

and green manure from windbreaks); port have clear implications for external donor pro-

gramming, and for the broader relief-to-development

trajectory that the donors envision for post-crisis

Rwanda. The presence of the appropriate conditions

B Maintain and increase soil conservation investWill spur the demand for improved inputs. Programs
ments such as bunds and terraces to protect inp@fid policies, such as the following, should be ready
applications and fight erosion. to increase their supply.

We have learned that farmers will not and canno® Relief-to-development: After the war, foreign

general conditions are in place.

B Greatly increase the use of fertilizer and lime
(through local production and imports); and

Xii



assistance and government programs need to in-
clude building the base of productive assets —
perennials and livestock — the stocks of both of.
which have been reduced by conflict and ne-
glect. Using disaster relief to rebuild herds, and
focusing on animal diseases and stabling infra-
structure will help. Building stocks of perennials
and livestock will increase mulch and manure
availability and increase farmer wealth, as well®
as protect against erosion in the case of bananas
and coffee.

Study and promotion of the fertilizer/lime
subsector are needed. The focus should be on
constraints to private sector input marketing. Gov-
ernment regulations and licensing requirement?
that inhibit fertilizer imports should be examined
and potentially eased or eliminated. Extension is
needed to promote use of fertilizer and lime on
food crops, not just cash crops.

Credit: Many smallholders suffer from sevegesh
constraints when trying to buy inputs anthke
investments. Our findings encouragetifier study
of institutional options that will make sendary
town and rural banks, perhaps along the lines of the
Grameen bank, more accessibldammers.

More livestock are needed, as well as a shift
from extensive to intensive livestock husbandry.
Losses from four years of civil war, plus disease
and loss of pasture, have decreased herds rap-
idly, thus decreasing manure availability. Live-
stock stabling and disease control technologies
are areas where extension and project program-
ming could have a major impact on productivity.

Rwanda has underinvested in the use of green
manuring and other agroforestry practices — de-
spite successful on-farm trials.

Integration of fodder and crop production strat-
egies is poorly developed in Rwanda, by Asian

Xiii

standards. Its promotion would increase manure
availability.

Technological research is needed on intensifica-
tion of intercropping and mixed cropping tech-
niques that increase output, incorporate cash pe-
rennials, and increase crop density while still
protecting the soil.

Land rental and absentee landholding effectively
lower investments in land productivity. Revision
is needed in land policies and traditional prac-
tices that impede land transactions and contrib-
ute to productivity decline, such as laws prohib-
iting land sales.

Government and donor programming in the popu-
lation/health sector must incorporate environmen-
tal and productivity issues into their strategies
for population control. Improved food security

and environmental conditions can be used to
help market population control.

The Rwandan Ministry of Agriculture has ex-
pressed interest in relating productivity research
results to strategies for specialization by region,
to increase the overall national output and better
position Rwanda for intraregional trade. Our re-
port makes some crop-specific suggestions for
zone-level promotion of crops. Moreover, such
promotion can be linked to processing infrastruc-
ture and input delivery system investments by
the government and private firms. We stop short,
however, of making strong recommendations
concerning area-specific specialization from our
diagnostic results. These results are reported at
the zone level, which is often broader than the
niche area for a given product. Moreover,
Rwandan farmers diversify risk and take advan-
tage of micro eco-niches at present, and there
needs to be more research on the crop mix objec-
tives and decisions of farmers (the subject of a
forthcoming thesis from this project)
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Glossary of Acronyms
and Abbreviations

AFR Bureau for Africa (USAID)

AVP average value product

CNA Natinal Agricultural Commission (Rwanda)

DSA Division des Statistiques Agricoles

FAO Food and Agriculture Organization

HH household

HVC high-valued crops

MINAGRI Rwandan Ministry of Agriculture

MSU Michigan State University

MVP marginal value product

ONAPO Office Naitonale de la Population

OLS ordinary least square

PSGE Productive Sector Growth and Environment Division (USAID/AFR/SD)
SD Office of Sustainable Development (USAID/AFR)
TFR total fertility rate

USAID U.S. Agency for International Development

USLE universal soil loss equation
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1. Introduction

for tubers, the main provider of calories, especially

RESEARCHPROBLEM for the poor.

Over the period 1984-1991, the kilocalories produced@dricultural and food security outlook is marked by
by Rwandan farmers dropped from 2,055 per persoHncertainty. As practiced in Rwanda today, agricul-
per day to 1,509 (see Figure 1.1). Part of this pefure is not sustainable for the long term. The rate of
capita decline can be accounted for by Rwanda’gopulation growth is also expected to remain high,
high rate of population growth and extremely limiteddoubling today’s population in less than 25 years.

access to land, with an average population density of ryyandan policymakers are aware of the alarming
574 people per square kilometer of cultivable land —rends in agricultural productivity. The presidency
the highest in Africa. formed a National Agricultural Commission (CNA)

The overall volume of food produced in Rwandaln 1991 to formulate a rural development and food
today is smaller, however, than in 1984. There hav&€curity strategy. The CNA listed the key immediate
been good years and bad years during this period, y8fd long-term food security challenges to be: (1)
the trend is unmistakable. In 1984, Rwandan farmeréeverse the decline in agricultural productivity; (2)
produced over 3,900 billion kilocalories of food (eightStop and reverse soil degradation; and (3) provide

major crops); by 1990 this figure had declined toalternative, off-farm income sources to smallholders
3,604 billion kilocalories. to reduce pressure on the land and increase food

purchasing power (CNA, 1992). Half the country’s

The production of coffee, Rwanda’s moSt iMpOr-t5 iang suffers from moderate to severe erosion,
tant cash crop, has not offset lower food prOdUCt'onaccording to CNA estimates

so the overall agricultural output is also declining.

Rwandan coffee output has declined over the past Figure 1.1. Rwanda Food Production
five years, along with a decline in world coffee prices, per Capita

thus contributing to lower export earnings. Data re-

viewed in this report show a decline in selected crop
yields over time, consistent with aggregate figures.

Farmer observations, recorded in a 1991 survey by 250 1
the Division des Statistiques Agricoles (DSA), are
equally telling. When asked about changes in the é’m—
productivity of their land, farmers reported that land g
productivity is declining on 48.7 percent of their '!1500—
holdings. On another 37.5 percent, yields have not [
changed, and on only 13.8 percent are their yields 5 "0
improving. §

. A

Moreover, DSA data show that production per unit

of land (average land productivity or yield) has 0 — T

declined from 1984 to 1991 for all major crops except 1634 1985 1986 1967 1908 1969 1990 1%91

maize. (Details are presented in Chapter 3.)
Particularly alarming is the strong downward trendSource: Computed from MINAGRI data.



Though Rwanda may never return to the days of tion investments, and the nonfarm income strat-
food self-sufficiency, reversing the trend toward lower  egies of farm households?
productivity is essential. Sustainable economic growt
in Rwanda depends on a stable and resilient agricul-
tural sector. Continued land degradation means lower
rural incomes and economic decline. Controlling soll
erosion and improving soil fertility are the keys toM What kinds of incentive policies and programs
this economic growth. Our approach in this study  Will promote sustainable land management and
places heavy emphasis on household-level data and Productivity enhancement?
analysis. We thus give special attention to on-farm
land use and investment, at the expense of related offoTA AND METHODS
farm land management issues such as deforestation;
Wf"lterShed mana.gement, and park pr.otection. We begjﬂ]e DSA of the Rwandan Ministry of Agriculture
with understgndl.ng farmers’ strategies fo.r land man(MINAGRI) maintains one of Africa’s more compre-
agement, which include household-level investmentf o ;e gatasets on rural households. The data exam-
in soil conservation and fertility enhancements on th?ned in the present report are drawn primarily from
one hand, and patterns of land use on the other. this longitudinal database covering approximately
1,200 farm households. DSA (formerly known as
GAPS IN KNOWLEDGE AND STUDY SESA, or the Service des Enquétes et des Statistiques
OBJECTIVES Agricoles), was established in 1992 under funding
from USAID/Rwanda. In 1983/84, SESA conducted
Before one can begin to devise strategies that wilRwanda’s first nationwide agricultural survey. Under
help Rwandan farmers halt the trend toward declincontinued USAID funding from 1984 to 1994, the
ing agricultural productivity, one must first address aDSA evolved into a large and experienced agricul-
set of related questions concerning the nature arigiral statistics and research unit, a major player in
determinants of this decline. These questions are listd@wanda’s agricultural policy arena.
below and are the focus of the present study. The The data from the baseline farm survey,
conceptual and empirical analyses presented in t

What are the determinants of farm input use (es-
pecially fertilizer and organic inputs) and invest-
ment in soil conservation measures on farms?

as well as
! ) - r1‘?om DSA supplemental surveys (in particular, the
following chapters are designed to help fill in these1991 survey of agroforestry and land productivity),

significant gaps |_n pollcym_akers’ and pollc_y_ an_a'are the main datasets used in the present analysis, and
lysts’ understanding of agricultural productivity in are described in more detail in Chapter 2
Rwanda, and guide us toward a policy framework

through which viable solutions can be achieved.

APPROACH AND LAYOUT OF THE
B What are the patterns of land and labor prOducREPORT

tivity in Rwanda? How do these vary by agro-

i ? ?
ecologlgql zone? By crop: HOW do RwandanThe report proceeds as follows. The next section lays
productivity levels compare with those of other . .
. . out the key terms and concepts used in this report.
countries in the region? . .
Chapter 2 describes the data and agro-ecological zones
B What are the determinants of land and labor proanalyzed. Chapter 3 describes patterns in average
ductivity? In particular, what are the impacts ofland and labor productivities, using data from 1989-
farm size (and hence demographic pressure), fardl. Chapter 4 examines average- and marginal-value
input use, livestock husbandry, soil degradationproducts by farm size and land quality category, and
land use and landholding changes, soil conservaxplores the determinants of productivity using a cross-




section from 1991. Chapter 5 examines determinant@ggregated using output prices as weights. Likewise,
of the long-term changes in farm productivity re-there can be one or more inputs in the denominator,
ported by farmers as well as their causes, as perceivadain summed by weighting each input by its price.
by farmers. Chapter 6 examines determinants of oMhen a single input is used (with one or more out-
ganic and chemical inputs use and soil conservatioputs) one hagartial factor productivity Although
investments, as well as land management practices ot used here, when all the crops on a farm are in the
variables that are key determinants of land productivaumerator and all the inputs in the denominator, one
ity. Chapter 7 concludes the report and presents polidyas an index of théotal factor productivity

and program implications. If the producer is economically rational and there is

no constraint on the use of an input, the farmer should
TERMS AND CONCEPTS operate at theeconomic optimumi.e., where the

marginal-value product equals the factor price. At the
Productivityis a measure of the output derived fromoptimum, the ratio of the marginal-value product of
a standard unit of input; it shows how efficient thethe input to the price of that input is equal to one.
producer is. That efficiency is conditioned or deter-Thus, if the ratio is higher than one, the farmer is
mined by the technology, the level of use of the inputapplying too little of the input; conversely if the ratio
and levels of use of complementary inputs. For exis less than one, he/she is using too much. For ex-
ample, land productivity is the average output peample, if the marginal-value product of seed is above
unit of land used, and is conditioned by the use of thdts price, that means the farmer can efficiently use
land, fertilizer, and other inputs. It is also conditionedmore seed (as marginal return falls until marginal
by other characteristics of the farm, the householdyalue equals the seed price), but for whatever reason
and the household’s milieu — soil quality, rainfall, (such as credit limits), farmers are constrained in their
the relative price of labor, and so on. access to seed.

Average productivitys the total output divided by = Moreover, if there is efficiency of allocation of a
the level of use of one of the inputs used (e.g., totajiven input, theory tells us that the marginal-value
cassava produced divided by total land used for caproduct of an input for one or more crops should
sava production). This is often called yield, but weequal the marginal-value product for any other crop
useaverage land productivitgndaverage labor pro- a farmer grows. If they are not equal, there is either
ductivityto highlight the inputMarginal productivity — a factor access constraint (e.g., there are limits to the
is the additional output (at the margin) produced bytype of land on which coffee can be grown), a
an additional unit of input used (e.g., how much moreonoptimal behavior due to risk (say, safety-first
cassava an additional hectare of land will producehehavior), or a rotation constraint. Thus, farmers could
say, beyond the average land used), conditioned Hye faced with a situation where they earn more on
the same set of factors noted above. To comparmach additional hectare if they put the land under
across goods, to compare with factor prices, or teoffee or bananas, but cannot do this because of
aggregate over goods, productivities are commonllimits on the availability of land suitable for cultivat-
valued at the output price. The marginal product ofng these crops. Consequently, they may put their
land, multiplied by the price of the good, produced byavailable land under beans, sweet potatoes, or some
that additional unit of land, is thenarginal value other mix of crops.

product of land. In this document we work with the above concepts

Farm productivity measures can be defined withand measures. Average productivities are simply cal-
any number of crops in the numerator — from one taulated using the average output divided by a given
all. When there are two or more crops, they araype of input used by farms of a given type (e.g., labor



in the upper quartile of farms). Calculation of mar-different levels of the conditioning factors (such as
ginal productivities requires estimation of productionhow much more productive an additional unit of land
functions. is, given a higher rate of erosion).

The production function is output explained by use One can then ask what determines the use of inputs
of variable inputs (labor, land, fertilizer, and pesti-and conditioning variables, including policy and other
cides), fixed or quasi-fixed inputs (land), and othermousehold-level determinants such as nonfarm in-
conditioning factors such as soil erosion. Given arcome and adult literacy. Thus, one can employ pro-
estimate from that function of the marginal effect ofduction and input use functions to trace how price
labor on total output, for example, one can examinand nonprice variables determine productivity levels.
how this marginal impact changes when there are



2. Context of the Analysis

ported to the enumerators who visited each farmer

DATA AND RESEARCH PROCEDURES weekly.

The data examined in this report came mainly from é_and Area and Crop Densities

nationwide stratified-random sample of 1,248 farmFields were measured by enumerators once per sea-
households (operating approximately 6,500 parcelsjon, at a time when annual crops were well estab-
surveyed by the DSA of Rwanda’s MINAGRIThe lished and visible in the fields. Since intercropping is
DSA survey ran from 1983 to mid-1994, and wascommon, enumerators estimated the planting densi-
Rwanda’s primary source of agricultural statisticsties of each crop in each field (relative to those on
during that decade. pure fields). These densities were then used to com-

The baseline survey gathered data on crop an%IUte the field area occupied by each crop grown in
that field.

livestock production, household income and expen-

ditures, land use and management, demographic char-Although estimating crop densities is somewhat
acteristics, and sundry other topics. Complementingubjective, it is essential for estimating yields. For
the baseline survey was a series of one-time supplexample, under the procedures used in this study, a
mental surveys focused on specific topics. typical mixed-croppedbanana/bean field with 66

Our analysis of agricultural productivity in Rwanda percent de_nsrfy_ for bananas and ?’3 percent dens_ny
for beans is divided so that two-thirds of the area is

draws on both the baseline survey and on the

. - allocated (in the yield calculations) to bananas and
agroforestry/soil productivity supplemental survey.

Crop production, area (land use), and crop densitie%ne'th'rd to beans. If only bananas were considered

. . . {'ind the entire area were allocated (in calculations) to
are among the more important baseline variable sels

o . . . bananas, the banana yield of this field would be about
we examine; each is described below. Information on

. . - 33 percent lower. Since the output of beans from this
reported changes in soil productivity and on conser:

vation and soil fertility investments was gathered byerIOI would still be measured along with beans pro-

the agroforestry add-on survey. In that survey, interSjuceci elsewhere on the farm, ignoring the area from

. . . fields like this would overestimate bean yields. Thus,
views with heads of households and/or their spouses i

. Lo in general, land allocation to crops that are mostly
were conducted over six weeks beginning in June

1991. The survey instrument treated both household? OV S MINOrerops in gssocnatlon with ot.her major
crops would be underestimated, and the yields over-

level variables (such as knowledge of conservation "’ ) g
. : c?stlmated, whereas the yields of the dominant crops
practices) and parcel-level variables (such as sol )
g., bananas) would be underestimated.

conservation investments, land tenure, and steepneges'
of slope). These data were merged with data from the Since most crops are harvested throughout the year,
baseline survey. land use changes continuously. Cross-sectional mea-
surement of land use is thus only a one time per
season sample that roughly approximates land use
DSA’s crop production data are based on weeklover the full six-month season. Households that har-
recalls. DSA supplied sample farmers with standardvest crop X at the beginning of the season and plant
ized, graduated buckets that were used to measuceop Y just before land use is measured may have low
production and transactions. The quantities harvesteal zero yields for crop Y, even though there was no

were measured or estimated by respondents, and rerop failure. There may be exceptionally high yields

Crop Production



for crop X, even though its yield may have beenWeighting
normal. Although we do not have any reason to sus-

Because the household-level data presented in this

pect that this data collection procedure mtroducesStudy are based on a stratified random sample, they

any statistical bias, we acknowledge that our houseﬁave been weighted according to their probability of

EOId ]}”eld data may t;e more v_arlable than S'?'Larselection. Some of our analyses are based on data
ata from countries where growing seasons an 8Collected at the parcel level. Parcel-level data have

V?St perlqu are more urnform. Despite pOtentIa"ybeen proportionally weighted according to parcel size,
higher variances, the relatively large number of house-

holds in th e (1.248) hel hi as well as for the household’s probability of selec-
olds In the current sampe_ (_ ' )_ e_PS us ac IeVt(?on, thus eliminating any over-representation of
an acceptable level of statistical reliability.

smaller parcels and under-representation of larger
Yields parcels.

Although vyield (i.e., average land productivity, as
defined in the introductory section above) is fre-HOUSEHOLD CHARACTERISTICS AND
quently expressed in units of output per unit of landLAND MANAGEMENT PATTERNS

one should always keep in mind that output is a flow
and yield is the sum of that flow over a specifiedRapid population growth and declining agricultural
period. Although this sounds obvious, much confuproductivity affect the livelihoods and survival of
sion is created by not being explicit about, or consismillions of rural households throughout Sub-Saharan
tent in, the periods used. The common practice is t@frica. Perhaps nowhere else have these effects been
express yields per growing period for annuals and peaieeper or created greater hardship than among the
year for perennials. Unfortunately, this rule is notfarm population of Rwanda, where over 93 percent of
clear for crops that are somewhere between annualilse population is rural, and almost all rural house-
and perennials (e.g., cassava). In Rwanda, the annualds are engaged in agriculture (Government of
reports of the DSA express yields per six monthRwanda 1982). Farm production is oriented toward
(season) for annuals, per 12 months (year) for basubsistence: Beans and sorghum, supplemented by
nanas and coffee, and per 18 months (estimated avesweet potatoes, cassava, and peas, are the principal
age growing period) for cassava. In practice, the DSAlirectly consumed food staples. Bananas, used mainly
collected data on production through weekly interfor brewing banana wine, are also important to farm
views. households, both as a source of calories and for sale.

DSA’s annual statistical reports present nationaf-offee and t_ea are important cash crpps for some
yield estimates that are the sum of the estima’re&"‘rmers and important sources of foreign exchange

production and area figures over the two seasong,)r the nation. Rwanda'’s agricultural system is labor
divided and then multiplied either by 1 (for annuals),'mens've; hoes and machetes are the main farm imple-

1/2 (for perennials), or 3/2 (for cassava) to get thdnents.

estimates in the common forms: per season for annu-The 1992 Demographic and Health Survey shows
als, per year for perennials, and per 18 months fathat Rwanda has a total fertility rate (TFR) of 6.2 live
cassava. Note that this procedure weights by seasorisitths per woman. Though declining (down from a
land use, giving more emphasis to the season WheFFR of 8.5 a decade ago; Office Nationale de la
the crop is more important. Population (ONAPQO) 1994), the rate of population
isgrowth is still among the world’s highest (above 3.0

In this report, a somewhat different approach i :
taken. To ease comparisons amthvegcrops, all yields percent annually). Small in land per person, Rwanda’s
are expressed kilograms per hectare, per six-month average rural population density of 574 inhabitants
season. As abovéhe procedure weights tseasonal per square kilometer of arable land is the highest in

land use. Unless otherwise stated, the yield estimatégrica- Virtually all the arable land is now being used
are averages over the six seasons of 1989-1991, for agriculture. The nutrition of the Rwandan popu-



lation is poor. Growth retardation among children 3- Livestock husbandry is an integral part of the farm-
36 months, for example, is a reported 45 percentng system, but the progressive conversion of pasture
prevalence rate, one of the highest in the world. into cropland in recent decades has caused a reduc-

The daily agricultural wage during the 1990/91 tion in the averag_e hpusehold I|ve§tock prO(_juctlon,
gmd a parallel decline in manure available for improv-

agricultural year averaged 100 Rwandan francs | fertility (R irabo et al. 1991). Most
(US$0.71) per day in Rwanda, with relatively little ing soll fertlity (Rwamasirabo et al. ). Mos

o households own a few small ruminants; less than a
variation across prefectures (see Table 2.1). The nona-

) . . . Oquarter own cattle. Seventy-six percent of all house-
gricultural wage was twice as high — it average

RF216 ($1.54) — but showed greater regional Variapolds have some animals; the top quartile of livestock

tion. Agricultural output, measured as the total re_ownershlp own 45 percent of all the livestock; the

. . Gini coefficient for livestock among livestock own-
gional gross (due to very low farm input purchases)

value of production per hectare of cultivable land, i > 1S only 0.27. The average value of household

standardized at 1.0 and shows considerable variatio“rYeStOCk holdings is RF10,768, or approximately $77

over regions, from 0.46 to 1.58. Regional price varia-(for comparison, a quarter of the average household
. . o . ._annual income).

tion, an indicator of the relative risk of investment, is

measured as the coefficient of the variation of monthly Only 17 percent of the cultivated holdings are kept
market prices over 1986-92 for the six major cropsunder fallow. Fields tend to be on slopes averaging
grown in Rwanda, combined in a weighted averageabout 16.7 degrees, and annual rainfall is high (ap-
based on the relative importance (in production) oproximately 1,200 mm). Taken together, these fac-
each crop at the regional level. There is substantidabrs provide strong incentive for farmers to take ap-
monthly and yearly price instability in Rwanda: The propriate measures aimed at controlling soil loss.
lowest regional price coefficient of variation is 24 There is a strong variation among households (coef-
percent and the highest is 39 percent. ficient of variation of 0.55) in their self-reported de-

Off-farm income (wages from labor for others on-9"€e of knowledge regarding various soil conserva-
tion and productivity-enhancing practices.

farm and in nonfarm businesses, and income from
own nonfarm businesses) is an important part (aboWRatterns of Land Management

one-third) of a household’s total income. Approxi—We focus on four aspects of land management: land
mately 69 percent of households earn some off-faryse * conservation investments, organic inputs use,
income, but it tends to be highly concentrated in the,,y 1 rchased inputs use. Their levels and distribu-

highest quartile and has a Gini coefficient of 0.83yj,, are shown in Table 2.1, and are discussed below.
Both skilled and unskilled off-farm employment is

heavily concentrated in building construction. Income-and U

from carpentry, masonry, and tile manufacturing isErosivity of land use is measured using C-values. The
key. Women tend to be employed in basket weavin@-value index is a well-known measure that reflects
and making clothing. There is a small but significantthe overall protective quality of crops. It is defined as
segment of the rural population involved in higher-“the ratio of soil loss from an area with a specific
paying professions. These include small businessover and tillage practice to that from an identical
owners and traders, and government employees suelfea in tilled continuous fallow”. For any given field,
as functionaries and teachers. the crop cover, anopy, and tillage practices can vary

Landholdings owned and operated by householdtshr_OUQhOUt t.he year.. C-values represent the average
soil loss ratio resulting from these factors over the

are small, averaging only 0.83 hectares per house-" . .
hold, and 0.21 hectares per adult equivalent (AE)growmg season. They must be obtained empirically,

Farm holdings are fragmented into many smallerplotsa.1S planting and tillage strategies of specific crops

Most landholdings are owner-operated; 8 percent argfy over farming systems. For this reason, the use of

rented. the standard published C-values, based largely on



Table 2.1. Sample Characteristics and Patterns of Land Use,
Conservation Investments, and Inputs Use

Level of
Observation
Overall Parcel = 5,596
Mean or Coefficient HH = 1,240
Characteristics Percent of Variation Pref = 10
1. Land Use/Conservation Investments/Inputs
A. Land Use (C-value) .16 0.43 Parcel
B. All Conservation Investments (m/ha) 424.00 1.18 Parcel
Grass Strips (m/ha) 205.00 1.34 Parcel
Anti-Erosion Ditches (m/ha) 161.00 1.68 Parcel
Hedgerows (m/ha) 56.00 2.86 Parcel
Radical Terraces (m/ha) 1.17 25.20 Parcel
C. Organic Inputs (% using) 69.5% — Parcel
D. Purchased Inputs (% using) 4.9% — Parcel
2. Other Characteristics
A. Macroeconomic Characteristics
Agricultural Profitability Index 1.00 0.31 Prefecture
Agricultural Wage (140FRW = 1$US) 100.00 0.10 Prefecture
Non-Agricultural Wage (140FRW = 1$US) 216.00 0.35 Prefecture
Price Variation (CV of agricultural prices, 1986-92) 0.25 0.20 Prefecture
B. Ecological Characteristics
Share of Operational Holdings under Fallow (ha) 0.17 1.47 Household
Slope (degrees) 16.70 0.64 Parcel
Location on Slope (1=highest, 5=lowest) 3.11 0.33 Parcel
Distance from Residence (min. on foot) 7.41 2.14 Parcel
Size of Parcel (ha) 80.00 1.03 Parcel
Years Cultivating Parcel 22.20 0.66 Parcel
Annual Rainfall (mm) 1,214.00 0.14 Parcel
C. Household Characteristics
Ownership Rights (% rented in) 8.0% — Prefecture
Landholdings Owned (ha) .83 0.95 Parcel
Non-Farm Income (140FRW = 1$US) 11,12.00 3.24 Household
Value of Livestock (140FRW = 13US) 10,768.00 1.81 Household
Value of Agricultural Production (140FRW = 13US) 22,150.00 0.83 Household
Number of Adults (aged 15-65) 2.64 0.54 Household
Dependency Ratio (econ inactive/econ active) 121.00 0.74 Household
Literacy of Head of Household (% literate) 50.3% — Household
Knowledge of Conservation/Productive Techniques 3.59 0.55 Household
Age of Head of Household (years) 45.00 0.33 Household

Computed from MINAGRI/DSA survey data.



farming practices in the United States, shaudlbe  do, we find that investments average 555 meters per
used in Third World countries without first being hectare (424 meters per hectare for all households).

evaluated. Use of Farm Inputs

The C-values we use are based on fieldwork undeecayse we hypothesize that there are differences in
taken in - the Kiambu and Muranga districts of theihe geterminants of organic and purchased inputs, we
Kenya highland (Lewis 1985), and a pilot study of sOilyreat the two separately. Organic inputs consist of
loss inRwanda (Lewis 1988).Among crops com- compost, manure, mulch, and green manure, and are

monly grown in Rwanda, C-values vary from 0.02appjied to 69.5 percent of cultivated holdings. Pur-
and 0.04 for coffee and bananas, to 0.35 and 0.40 f@hased inputs include chemical fertilizer and lime,

maize and sorghum. In general, perennial CIOPS, Pa3nd are applied by just 7.4 percent of the households
ture, fallow, and woodlot all have low (less eroswe)to an even smaller proportion (4.9 percent) of culti-
C-values. Annual crops, particularly grains, have high,5teq holdings.

(more erosive) C-values. Tubers and leguminous crops

tend to have values in the middle range. The averagePifficulties inherent in obtaining precise data on
C-value for cultivated holdings in Rwanda is 0.16, aduantities of inputs applied at the parcel level have

composite of many forms of land use and crop mixlimited our information on input use to a dichoto-
mous, yes-no response for each parcel operated by
Conservation Investments the household. At the household level, data are avail-

Conservation investments were measured in meteP!€ On expenditures for fertilizer and other inputs.

and recorded separately for each parcel of land Opepata on household expenditures for fertilizer are in-
ated by the sampled households. There is great vari§MPplete because the Rwandan government has pro-
tion among Rwandan farm households in the degre\éided fertilizer for free or for a small fee for several

to which they invest in soil conservation measuresY®a's for promotion purposes. The only stipulation
Although hedgerows are planted and maintained i?" this fertilizer was that it be used exclusively on
only 22.6 percent of the holdings, anti-erosion ditche§°ffe€ and potato fields. Thus, we treat data on pur-
are installed in 47.8 percent, and grass strips arghased fertilizers cautiously, arguing that these fig-
found in 60.3 percent of all land holdings. The meart'rés are indicative only of the amounts used.

lengths of such investments over all households are Chemical fertilizers and pesticides are used prima-
56, 161, and 205 meters per hectare, respectivelyily in Rwanda on cash crops, notably coffee and
Radical terraces can also be found in Rwanda, byfotatoes, and, to a lesser extent, vegetables. Potatoes
these are relatively rare; only 1.4 percent of farmand vegetables respond particularly well to these in-
households have invested in radical terrace construguts, and these crops have high prices that provide a
tion. No data are available with which to compare théhigh return on investment. Vegetables are produced
relative effectiveness of the four types of investmentnear cities (Kigali and Butare) and are sold primarily
Radical terraces, similar to those found in parts ofn those markets. We surmise that greater liquidity,
Asia, are thought by some to be superior to the otheesulting from the sale of cash crops and off-farm
forms of investment. However, given the lack of datancome, is what enables farmers to purchase fertil-
and therarity of radical terraces, we do not give anyzer. This is examined in more detail in later chapters.
one type of investment greater weight than the other%
For our present purposes of description and modeling
determinants, we have summed the four types ofhere are three regional classification schemes that
conservation investments into a single, aggregate meare used for various purposes by researchers and
sure (meters per hectare). Over three-quarters of thmolicymakers in Rwanda. All three are based on dif-
cultivated farm holdings in Rwanda receive someferences in soils, altitude, and rainfall, and as such
form of conservation investment. Among those thaklso show marked differences in cropping patterns,

gro-Ecological Zones



farm size, livestock ownership, and other importantoes, and pyrethrunkew bananas are grown at eleva-
household and regional characteristics. tions above 2,000 meters. Staple food crops include

The first was developed by Delepierre (1974), an(Potatoes, maize, sweet potatoes, and beans. The North-

divides the country into 12 agro-ecological regions.WeSt includes both temperate highlands with fertile

More recently, the CNA has expanded this number tgnd/or recently cleared volcanic soils, amell-wa-

18. The CNA classification scheme draws upon éered lowlands by Lake Kivu. Much of the zone is very

more comprehensive database, particularly in Soﬁjensely populated, and the typiagticultural working

characteristics, and has been useful for targeted, cor%fjly is longer than elsewhere in Rwanda.

mune- andectewlevel development projects. A third Southwest

classification scheme (Clay and Dejaegher 1987) hthe Southwest region comprises Cyangugu, the south-

begn_dewsed 0 _capture the major dellne.a'fmg charag—m part of Kibuye, and the western part of Gikongoro
teristics of the first two, while summarizing these

i o _ prefectures. It is characterized by high altitudes, steep
differences in just five zones that can be used effec- . . . . .
Slopes, and high rainfall, with concomitant soil ero-

tively for national-level socioeconomic (rather thanSion and soil acidity problems. Soils have a high

purely agronomic) analysis. proportion of clay, and range from poorly to moder-
The five-zone classification is judged to be theately suitable for agriculture. A substantial but dimin-
most suitable for our purposes, because it both highshing part of the Southwest zone is covered by a
lights important socioeconomic differences and benatural, protected forest. Major cash crops are ba-
cause the smaller number of zones enhances statistianas and coffee. The most important food crops are
cal reliability. Some of the defining characteristics ofbeans, sweet potatoes, taro, and cassava. Soils are
these zones are described below and in Table 2.2.poor, and sometimes degraded and acidic on the steep
slopes of the Zaire-Nile divide; soils are fertile on the
coast of Lake Kivu. Although not as densely popu-
Thiszone comprises the prefecture of Gisenyi, and partgited as the Northwest, the pressure on resources is
of Ruhengeri and Kibuye. It has mostly valag fertile  higher in the Southwest, which is the poorest zone in

soils that are highly susceptible to erosion.htgh ~ Rwanda. The zone is not self-sufficient in food and
altitude means the area has abundant rainfall and coolgépends on imports from Zaire and Burundi.
temperatures. Major cash crops are coffdgfe pta-

Northwest

Table 2.2. Characteristics of Agro-Ecological Zones

North- South- North- South-
Zones West West Central Central East Rwanda
Altitude (m) 2,000 1,950 1,920 1,740 1,570 1,820
Rain (mm) 1,150 1,490 1,030 1,220 870 1,150
Erosion (tons/ha) 6.9 8.0 4.7 3.6 2.1 4.7
Farm Size (ha) 0.8 1.3 1.2 1.1 1.4 1.2
Income (RF1000) 49.6 30.1 51.1 33.6 63.1 47.1
Output (RF1000) 36.8 20.6 31.2 25.8 57.7 36.1
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North-Central East

This zone covers parts of Ruhengeri, Byumba, an@his zone corresponds to the entire prefecture of
Kigali, and is well known for ithigh mountains, very Kibungo, and the eastern parts of Kigali and
steep slopes, and susceptibility to erosion. Major casByumba. It is aregion with gentle slopes and rela-
crops are bananas and coffee, with sbighland areas tively low altitude. Rainfall is lower here than in the
specializing in potatoes and wheat. Food staples irtigher elevation zones to the west. Because it is drier,
clude sweet potatoes, beans, sorghum, and maizhis eastern plateau was traditionally reserved for
The zone is less densely populatbdnt the South- pastoral uses. Though it is densely settled today,
Central zone, and some northern and easterntgares  farms are still larger here than in the older, western
been agricultural frontier until recently. Agroclimatically, zones that became occupied several generations ear-
it is quite similar to the South-Central zone. lier. Households in this region rely principally on
South-Central bananas (one-third are cooking bananas for food) and

coffee as cash crops, and sorghum, beans, and cas-
The South-Central zone encompasses much of tr‘éeava as major staples. Drier and warmer than the rest

prefectures of Gitarama, Butare, and Gikongoro. It pyanda, the East was Rwanda’s last agricultural
has sandy loam soils, and serious degradation. Scﬂlontier

fertility ranges from very poor to moderately suitable

for agriculture. It is a region of well-watered marshes, In sum, the two western zones have the highest
which allow a third cropping season. Major cashaltitude and thus receive the most rain. These zones
crops are bananas and coffee, while favored staplegere also the first ones settled because of their rain-
are beans, sweet potatoes, cassava, and sorghum. Takand relatively fertile soils. As one moves east into
historical center of the country is here, and much ofthe central zones and then to the eastern plateau,
it has been densely populated for a long timealtitude and rainfall, along with soil fertility, drop off;
Emigration to other parts of Rwanda, farmers’this is perhaps the main reason they were settled later
subjective assessments, and yield levels suggest thtain areas to the west. Yet today, soils in the East are
what was once considered prime agricultural land hasore productive because they are not as “farmed out”
become degraded during the past decades. as the western soils.
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3. Patterns of Agricultural
Productivity

potatoes. Intercropping appears to be a response to
land scarcity, as it is practiced more often by house-

holds with relatively little land per-person. Less inter-

As q basis for the analygeg that follow, this Chapte&opping occurs in high-altitude areas, where few or
provides a general description of land and labor Pr%:5 bananas are grown

ductivity in Rwandan agriculture. We start with an
overview of the principal crops grown by Rwandan N terms of shares of cultivated land, the main crops
farm households, then compare the country’s fivédfe bananas (26 percent), beans (17 percent), sweet

agroclimatic zones in terms of overall and crop-spePotatoes (11 percent), cassava (9 percent), sorghum
cific land productivity. (9 percent), and maize (7 percent). In the following

] . _ paragraphs we discuss each of these crops in detail
We also probe the question of how regional dlffer-(also see Figure 3.1)

ences in yields are reflected in cropping patterns. In
turn, we focus on how land scarcity affects productivBananas

ity, a central theme of this report, given Rwanda’'sgananas are the most important crop in Rwanda,
high and increasing population density. We discusgovering one-fifth of the agricultural land and ac-
trends in land productivity over time, and then COM-counting for one-third of the market value of crop
pare Rwanda’s yields and trends with those of Burunghroduction. Some 38 percent of the cultivated area is
and Tanzania, and other neighboring countries. Thﬁlanted in bananas, either purely (11 percent) or in
chapter concludes with an analysis of labor producassociation with othercrops. When land in inter-

tivity in Rwanda, comparing returns to labor by agro-cropped fields is proportionally allocated to bananas

INTRODUCTION

ecological zone, farm size, and crop. and the other associated crops such as beans, sweet

potatoes, and sorghum (according to crop density),
NATIONAL PATTERNS IN LAND USE the share of cultivated land in Rwanda allocated to
AND YIELDS bananas comes to 26 percent.

Furthermore, bananas would be the single most
Two-thirds of the cultivable land in Rwanda is culti- important provider of calories if more than two-thirds
vated. The rest consists of fallow land, pasture, andf the bananas grown were not beer bananas, which
woodlot. The distinctions among the three non-culti{ose three-quarters of their calories when brewed into
vation uses are not always clear, since livestock iBanana beer (also known as banana wine). While
grazed mostly on fallow land, but sometimes oreating beer bananas is possible, it is not common,
woodlots. The primary difference between fallow ancbxcept after extreme harvest failures.

pasture is that fallow lands have been cultivated in .
- . . Cooking bananas are eaten by nearly all Rwandans,
the past and will likely be cultivated again at some

L . . but less so by the poorest, who get more calories if
time in the future, while pasture neither has been nOIi_I .
. . they instead exchange bananas for cassava or use
will be cultivated. :
their land to grow sweet potatoes. As farmers they
Half of Rwanda’s cultivated fields are intercropped,may still prefer bananas, but then their first choice is
and 56 percent of these grow bananas in associati@gually to grow beer bananas, brew beer, and ex-

with food crops such as beans, sorghum, and sweghange the beer for tubers. Banana beer, of course, is

13



Figure 3.1. Value, Land Area, Kilocalories, and Proteins in Rwanda
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Source: Computed from MINAGRI/DSA survey data, 1989 -1991.
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an expensive source of nutrients and although aBoil quality and moisture. In valleys, sweet potatoes
groups drink it, especially during festivities, the poor-are grown in sole stands. On hillsides, intercropping
est households sell much of the beer they producewith beans, sorghum, cassava, and other crops is

. . ... _common.
Cooking bananas require lands that are rich in or-

ganic matter, so they are generally grown around the Sweet potatoes are the main staple for most rural
compounds, where household wastes accumulate. BeRwandans. They are particularly important for poorer
bananas are less demanding, but in similar conditiofsouseholds and in the central part of the country.
would generally grow better than cooking bananas

. : Cassava
Fruit bananas that are currently a minor crop can
grow reasonably well even on quite degraded land$sassava yields cannot match those of sweet potatoes
Our yield data refer to the aggregate category “baln any region, but cassava has three other advantages.
nanas,” because although DSA's production figure&irst, it can grow on lands that are too degraded for

are split among the three banana types, the land uther crops. Second, cassava requires little moisture,

data are not. stores well in the ground, and can act as a reserve
. i crop to feed peopleduring droughts. Third, little labor

Bananas grow relatively well in most of Rwanda,is needed to grow cassava. Although cassava requires

with the exception of the upper elevations of the N|Ie-more work during the first few months than sweet

Zaire Divide that crosses the two western zones. At . :
potatoes, the remaining year or more of the growing

high altitudes (_> 2000 meters), b_ananas nqt only gmvﬁeriod is almost effortless.
poorly but their sugar content is low, which means
that more bananas are needed to brew the same amourftor Rwandan consumers, cassava provides cheaper

of beer. calories than any other food crop. The low price

. i ) makes it affordable to even the poorest households.
Farmers can manage their banana fields with vary-

ing degrees of labor intensity. Dense, pure-stand baVhite Potatoes

nana groves do not require much labor, but the farmppite potatoes are Rwanda’s only highly commer-
ing practices needed for higher yields are relatively,zjized crop (apart from coffee). They are grown
labor-intensive. Well-managed banana fieleguire sty on the northwestern volcanic highlands, where

more labor than most other crops. Consequently, whilﬁ1ey rely heavily on pesticides. Elsewhere, potatoes
the fourth quartile offarmers (the largest) produce gre 5 minor, low-yielding subsistence crop. Nation-

more than half of their bananas in pure stands, housgny, less than three percent of the country’s culti-
holds with little land per-person and few off-farm \5ieq area is allocated to potatoes.

opportunities to sell their labor normally intercrop o o
their bananas, especially in the East. Due to the weekly pesticide applications, potatoes
demand more labor than do other tubers. In the prime

potato-growing area, they are a cheap, staple food for
Sweet potatoes are the single most important sourdéral households. Elsewhere, potato prices are rela-
of calories for Rwandans. Sweet potatoes have motéely high, especially considering their low caloric
calories per kilogram than potatoes or cookingvalue; consumption by rural households is thus quite
bananas, and yield more than four thousand kilogrami8w. The main market is Kigali, the capital city,
per hectare in most of the country. Except for highwhere potatoes are a major staple.

altitude areas, where potatoes grow best, only bana”%%rghum and Maize

can produce more calories per hectare than sweet _ o _
potatoes. Sorghum is grown primarily for an input to beer

_ _ ‘brewing; maize is grown primarily for direct con-
While the production of bananas and potatoes i§ mption. With favorable conditions, maize yields

relatively labor-intensive, sweet potato production iSyore than sorghum, but in drier areas, sorghum does
not. Sweet potatoes are, however, less demanding ghiter, At the national level, neither cereal produces

Sweet Potatoes
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yields that can compete with sweet potatoes or bdands are accounted for.
nanas in terms of calories, beans in terms of proteins
or any of these crops (or potatoes in the highlands) i(r:1
terms of market value.

"In the North-Central zone, returns to the land are

lose to the national average. In the South-Central
zone, which covers both degraded acidic hillsides

Both cereals require less labor than bananas a@omparable to those in the Southwest and more fertile

coffee, but need more labor than sweet potatoes @ranana-producing areas comparable to the North-
cassava. Except for the high-altitude areas where maifgentral zone, land productivity is between the two.

is often grown in sole stands, both are commonly In the East,

. . land productivity is comparable or
intercropped, most frequently with beans.

superior to that of the rest of the country. This area is
drier and less densely populated than the national
YIELDS AND LAND USE BY ZONE average. However, with population growth, cultiva-
tion has expanded at the expense of pasture, fallow,
While production per unit of cultivated area is theand woodlots. Crops now cover 74 percent of the
most commonly used yield measure, it does not showultivable area, which is a larger share than the na-
how land productivity can increase when farmerdional average. Since abundant fallow no longer serves
cultivate a larger share of their cultivable holdings.to explain why each hectare in the East produces
more than elsewhere, despite receiving less rainfall
and labor than the national average, the following
Aggregating production by price or caloric value anchypothesis can be posited.

:g:z:g?elst :?/;her;otzgzgvaet;i darerz; dgL:\éE\s/itusir:WO The East is less degraded because fallow land was
ggreg g P Y abundant in the past, because the landscape is slightly

each zone. Figure 3.2 shows that interzone differ; . .
9 flatter and less erodible, and because the cropping

ences in land productivity are substantial for specific . )
atterns emphasize more perennial crops (bananas

crops, while Table 3.1 shows the same, but for crop . )

. and coffee) that are less degrading and erosive than

in the aggregate. The extremes are the two wester .
the main annual food crops. Less degraded land means

;Zri?itwgg‘hle::z ::rtt:gvgituz:sviﬁfng twice as mucrPﬂgher yields, controlling for other factors. It is also
likely that because the East was settled more recently,
In the Northwest, monetary returns to cultivatedsoil degradation is not as advanced there as it is in the
land are roughly 40 percent, and caloric yields nearlfCentral and Western zones.
30 percent, above the national average. When aﬂ
cultivable land is taken into consideration, monetary
returns to the land are 60 percent and caloric returnd/hile interzone differences in aggregate average land
nearly 50 percent above the national average. productivity provide a useful summary, crop-specific
The yield gap is wider when all cultivable land is zgyﬁnizzzzsai:i:ge?gsdzL?]Zag:ar;svsc;\r:;p;;iﬂ\;ig:sg
considered, since in the Northwest more than threethe extent to which land aIIocalltion seems to be com-
quarters (77 percent) of the cultivable land is culti-

vated, while the share is only two-thirds nationally.

Aggregate Average Land Productivity

verage Land Productivity by Crop and by Zone

patible with these yield advantages. Of course, crop-
ping patterns depend on many other things beside

In the Southwest, degradation has reduced yieldglative yields, which is why we study their determi-
and forced households to rely on fallowing to restorgants in detail elsewhere. However, relative yields
fertility, and allocate some degraded lands to pasturgre an important factor in determining cropping pat-
and woodlots. Only 56 percent of the cultivable landerns, and the reason for our focus on yields here. The
is cultivated here. Returns to land are low on everyone-specific findings discussed in this section are
measure, but particularly so when the non-cultivatedirawn from figures 3.2 through 3.5.
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Figure 3.2. Crop and Zone Value
(Rwandan Francs)

Cooking Banana
Beer Banana
Taro
Potato Zone
Cassava [ ] East
[ Soulh-Central
Sweet Potato [l North-Central
B Southwest
Malze B Northwest

Sorghum
Peas

Beans

0 20 40 60 80 100
'000 FRW/Ha/Season

Source: Computed from MINAGRI/DSA survey data, 1989 - 1991.

Northwest
are also low. However, sweet potatoes are more nu-

The high—gltitude volcanic areas of the Northwestyitious than potatoes so their mean yields in caloric
zone constitute Rwanda’s main white potato producterms can match thoseof potatoes in the zone. Out-
tion area. A favorable climate, combined with re-sjge the white potato production area, sweet potatoes

and pesticides available to farmers, have raised peountry.

tato yields to eight tons per hectare, four times as ] ) )

high as elsewhere in Rwanda. Despite relatively high Malze' also produces better yields and is more im-
transportation costs, potatoes have become the mafgrtantin the Northwest than elsewhere. In contrast,
cash crop for the high-altitude Northwest, are for Salgorghum, which also has relatively high yields, is less

and home consumption, and cover some 13 perceﬂppular than in the other zones. Apparently it cannot
of the zone's cropped area compete with maize, which yields more whether

measured in kilograms, calories, grams of protein, or
Compared to white potatoes in the Northwest zonggrket value.

and sweet potatoes in other regions, sweet potato
yields in the Northwest are mediocre; cassava yields
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Figure 3.3. Land Area by Crop and Zone cannot match potatoes as a cash crop, and in the low-
altitude areas, beer bananas bring farmers much more
cash than coffee. However, both of these “superior”
cash crops are bulky, and households located long
distances from roads and/or markets may be better
off growing coffee.

Northwestern bean and pea yields are close to the
national average. This is not enough to make beans

r— and peas attractive cash crops in the Northwest, but
[] eest due to their high protein content and ability to fix
H SouhContd nitrogen, which then also benefits other crops, both
= LM” - are important subsistence food crops.

North .
W Nortwec Peas provide far less food or cash value than do

beans; yet their popularity lies in the fact that pea
fields are in effect “half-fallows.” In the western
P regions of Rwanda, peas are commonly grown as a
E : last crop before a fallow period, with very low labor
0 5 N B oA BN K input. nsequently, they are grown mostly by the
% of Cultivated Land ' y, ey are g ostly by
larger farmers who can afford twld land infallow.

Few bananas are grown in the high-altitude areas
of the Northwest. In the remainder of the zone, both
the yields and the importance of bananas are roughly
comparable to the rest of the country. As elsewhere,

Northwestern bean and pea yields are close to thé

national average. This is not enough to make beanbsananas can be attractive either as a high-yield food

and peas attractive cash crops in the Northwest, pGfopP OF as a cash crop.

due to their high protein content and ability to fix Coffee yields are highest in the Northwest, yet less
nitrogen, which then also benefits other crops, botltand is allocated to coffee there than in most other
are important subsistence food crops. parts of the country. In the high-altitude areas, coffee
%annot match potatoes as a cash crop, and in the low-

Peas provide far less food or cash value than do ,
] . o altitude areas, beer bananas bring farmers much more
beans; yet their popularity lies in the fact that pea

fields are in effect "half-fallows.” In the western C2Sn than coffee. However, both of these "superior

. cash crops are bulky, and households located long
regions of Rwanda, peas are commonly grown as a

last crop before a fallow period, with very low Iabordlstances from roads and/or markets may be better

input. Gnsequently, they are grown mostly by the IargerO ff growing coffee.

farmers who can afford thold land infallow. Southwest

Source: Computed from MINAGRI/DSA survey data,
1989 - 1991.

Few bananas are grown in the high-altitude areas dthis zone relies strongly on tubers other than white
the Northwest. In the remainder of the zone, both thpotatoes. Sweet potatoes yield less here than in other
yields and the importance of bananas are roughlgones but they are second only to cooking bananas in
comparable to the rest of the country. As elsewherealoric yields, and they cover a larger share of culti-
bananas can be attractive either as a high-yield foogable land than elsewhere. Cassava'’s tolerance for
crop or as a cash crop. the poor soils of the Southwest explains why cassava

Coffee yields are highest in the Northwest, yet IesisS popular in this zone despite low yields. The third

land is allocated to coffee there than in most othe'rmportant tuber is taro, which yields well when com-

parts of the country. In the high-altitude areas, coffegare_d to other z.ones but dges not shine as a good
provider of calories or proteins.
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Figure 3.4. Kcals by Crop and Zone Figure 3.5. Proteins by Crop and Zone

0 1 2 3 4 5 6 7
Millions of Kcal/Ha/Season

Source: Computed from MINAGRI/DSA survey data, Source: Computed from MINAGRI/DSA survey data,
1989 - 1991. 1989 - 1991.

Beans resemble sweet potatoes in that, while yieldsut the main explanation is the same as in the North-
are low compared to other zones, they compare fawest: Peas are “half-fallows” that precede real fal-
vorably to other crops in terms of nutritive valuelows and require very little labor, while fixing some
(proteins in this case). But beans are less perishabigtrogen.

and less bulky to transport (higher ratio of value per As in the Northwest, parts of the Southwest are so

volume) than tubers. Moreover, beans do not grovy, .
i ) igh that banana yields are low and few bananas are
well on poor soils. Consequently, instead of allocat-

. , produced. On the shores of Lake Kivu, bananas grow
ing much land to beans, farmers in the Southwest rel%ell and are a superior food and cash crop
on imports from Zaire. ' '
. , ) ) . To pay for their bean and sorghum imports, farmers
Sorghum is another crop with a regional yield dis-.

dvant in the Southwest Z due to sizable i in the Southwest rely on coffee and off-farm work on
advantage in the southwest ~one, due 1o sizable I, , plantations and elsewhere. Coffee yields are above

ports, and a small share of land allocated to it. Yield . .
) .the national average, and more land is allocated to
are not just lower than elsewhere but also are low in
. . coffee here than elsewhere. However, coffee appears
terms of nutritive value, especially when compared tg .
) ) ) ) i not nearly as attractive a cash crop as beer and cook-
maize, which produces relatively high yields and. L .
) ) . , ing bananas — though the situation may be different
claims a sizable portion of land in the Southwest. . .
on the steeper slopes at higher altitudes where ba-
Although peas yield much less than beans everyaanas do not thrive and where the erosive impacts of
where, and in the Southwest less than elsewher&bers and beans are severe.
almost as much land is allocated in this zone to peas
as to beans. To be sure, taste preferences play a role,
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Table 3.1. Land Productivity by Zone (RF/Ha)

Market Value Food Energy
(Thousands of RF) (Millions of Kcal)

Zone Cultivable Land Cultivated Land Cultivable Land Cultivated Land
Northwest 32.6 425 2.6 3.4
Southwest 14.3 255 1.0 1.9
North-Central 20.1 31.2 1.7 2.7
South-Central 17.9 27.0 15 2.3
East 22.1 29.9 2.0 2.7
Rwanda 20.3 30.1 1.7 2.6

Source: Computed from MINAGRI/DSA survey data, 1989 - 1991.
* All numbers refer to production per hectare per season.

South-Central Coffee yields in the South-Central zone are far

As in the Southwest, tubers other than white potatoe%eIOW the national average, but the share of land

. . allocated to coffee is above the average. To some
are the main food crops in the South-Central zone.
xtent, coffee may not (or no longer) be grown by

Sweet potatoes have the highest caloric yields, but ) ;
farmers as a matter of choice. Until recently, govern-

almost as much land is allocated to cassava, which IS i
- . ment regulations stated that farmers were not allowed

less sensitive to land degradation. , . i
to cut down coffee trees (there is evidence that this
Beer bananas, cooking bananas, and fruit banan@gs very unevenly enforced). By January 1994, many
are important food and cash crops. Despite yields thagrmers in the South-Central zone had abandoned
are slightly below the national average, bananas praheir coffee trees, and in 1989-91, when our data were
vide the highest monetary returns to the land, angollected, this may have begun already — although
cooking bananas also produce almost as many calgome had begun to expand their plantations; hence

ries per hectare as do sweet potatoes. Apparently gse trend was ambiguous (Rwalinda et al. 1992).
a consequence of this, almost one-fifth of the zone’s

cultivable land is allocated to bananas. North-Central

Maize yields are much lower than sorghum yieIds,Numt'ona”y’ tubers are as important in the North-

which is reflected in land shares. Both bean yieldscemral zone as in the South-Central zone, although

and the share of land allocated to beans are somewhaatSllghtly smaller percentage of cultivable land is

. allocated to them. This is possible because North-
below the national averages, and apparently because .
. . Central lands are less degraded, sweet potatoes yield

of this, beans are imported to the zone.
more there, and more area allocated to tubers can be

Pea yields are high when compared to other zoneplanted in sweet potatoes than in lower-yielding cas-
but their land share is low. The explanation is that theava and taro.

role of peas in the rotation is different; the Northwest- . .
. : . " Banana yields are comparable to those in the South-
ern practice of growing peas in the transition phase

. . OIC:entral zone and, if used for food rather than for beer,
when the degraded land is left for fallow is not use i
here can match those of sweet potatoes in terms of calo-

ries. As cash crops, both cooking bananas and beer
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bananas are clearly more attractive than coffee. Thids cash earners, they cannot match bananas, but
may have contributed to the small share of land allobecause of risk considerations and transportation con-
cated to coffee, although, as elsewhere in Rwandatraints, they are also grown for sale. Pea yields are
administrative decisions have probably also playedlose to the national average, with relatively little
some role. land allocated to peas.

Bean yields are substantially higher than in the Sweet potato yields are not much lower than else-
South-Central zone, and more land is allocated to thiwhere, but their land share is substantially below the
crop. As a food crop, beans are attractive due to theirational average. While caloric yields of sweet pota-
superior production of proteins, but they also matctioes are high, justifying subsistence production,
sorghum, maize, and cassava in terms of caloric yieldsmaller shares of the land of the (relatively large)
The cash value of beans exceeds that of coffee arfidrms are needed. Yields, expressed in terms of mar-
sorghum, but does not come close to that of banandset value, cannot match those of bananas; thus sweet

A small part of the zone is included in the whitepOtatoeS have not made much progress as a cash crop.

potato-growing area, which makes the yields higher Cassava is also grown as a subsistence crop; mean
than elsewhere outside the Northwest, but the bulk ofields for the zone cannot match those for the sweet
the zone is in a low-yielding potato deficit area, whergotato, but it grows well in areas that are too dry for
prices are high. Combining these two results suggestweet potatoes, is less vulnerable to drought, and its
that potatoes would be a highly attractive cash crop itubers store well in the ground, thereby serving as a
this region, but are still not grown for this purpose bygood reserve crop. Finally, it requires very little labor
most of the farmers in the zone. after the first season. It appears that as a consequence
. . . of these factors, more land is allocated to cassava
While maize yields clearly exceed those of sor-

. .. than to sweet potatoes.
ghum in the two western zones, and the reverse is true
in the South-Central zone, the two cereals produce In monetary terms, white potato yields in the East
roughly the same yield in the North-Central zoneappear attractive, but this is due solely to high re-
Neither can match bananas, beans, or coffee as cagional prices. Compared to the Northwest, yields are
crops, or sweet potatoes, cooking bananas, or beawery low, and when the cost of pesticides and/or the
as food crops, but they do provide variety to the dietsisk of crop failures caused by pests are taken into
and roughly one-tenth of the zone’s cultivated land isccount, the attraction largely disappears. Conse-
allocated to them, in approximately equal propor-quently, little land is allocated in the East to white
tions. potatoes.

East Coffee has been a required crop on the govern-

Bananas grow better in the East than elsewhere ar%ent—organlzed settlementsaysannats which ex-

provide higher yields than any other crop, both inpIaInS why the relatlvgly large farms of the .East
: allocate roughly the national percentage of their cul-
terms of calories and cash value, than any other croP_. X . X
. . ivable land to it. This implies that on a typical farm,
Almost one-quarter of the cultivable land in the zone _ )
. coffee requires more work in the East than elsewhere.
is allocated to bananas. i ) i
Since yields in terms of market value are far below
Sorghum produces better yields than maize, anghose of bananas, one would expect attempts to divert
more land is allocated to it here than elsewhere, busbor from coffee. That coffee yields are still rela-
since land is relatively abundant and the main maizejvely high suggests that, holding constant regional
producing region is distant, some maize is also prodifferences in management, coffemight produce

duced in the East. much better in the East than it does elsewhere —

Bean yields are high compared to other zones, arfythough at present it produces best in the western
beans are very attractive in terms of protein conten:O"€S:
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Figure 3.6 shows that all ten major crops yield
considerably more on small than on large farms in
Rwanda. At the national level, the pattern is so clear
_ . . _ that only two minor exceptions can be seen to the
In this sect.lon, we exa_mlne how yleld_s a_re related t?)attern that a more land-scarce quartile has a higher
land scarcity. We define land scarcity in terms Ofyield than a less land-scarce quartile. For each crop,
cultivable land per adult equivalent (AE) and divide,[he yields of small farmers are 60-95 percent higher
households into four quartiles based on how Many - those of large farmers. Coffee, cassava, and
ares (hundredths of a hectare) of cultivable land P& anana appear most responsive to extra labor, show-

person they operate. Cultivable land is defined Q. yia|s on small farms that are at least 50 percent
include pastures and woodlots. above national average.

LAND SCARCITY AND LAND
PRODUCTIVITY

~We use the termsmall farmersand Q1 (for quar- - p, e {5 their high yields on small farms, bananas
tile 1) to refer to households with less than 7.5 ares Qa(nd coffee are even better cash crops for small farm-
cultivable land per person. Similarlfarge farmers o ¢ han for large farmers (Figure 3.7). Not surpris-
andQ4 refer to households with more than 20.5 are?ngly, both are also allocated a larger share of small

of cuIt|.vabIe land per person. Large:, as used h(T:'re, Farmers’ land than of large farmers’ land. Controlling
a relative term, as these farmers might be conS|der6fgr agroclimatic zone would show an even stronger
small farmers in less densely farmed countries. Q2sqqciation. This is because bananas are unusually
includes households with 7.5-12.8 ares, and Q3 IBroductive and hence popular in the East where farms

composed of households with 12.8-20.5 ares P€re relatively large, thereby dampening the otherwise
person.

Figure 3.6. Yields of Major Crops by Farm Size Quartile
(Ares/Adult Equivalent)

-~

Banana
Taro
Potato
Cassava Ares/AE
[] >205
Sweet Potato . 12.8-205
B 75-128
Maize B a5

O 2000 4000 6000 8000 10000 12000
Kg/MHa/Season

Source: Computed from MINAGRI/DSA survey data, 1989 - 1991.

22



Figure 3.7. Land Area in Major Crops by Farm Size Quatrtile (Ares/AE)
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Source: Computed from MINAGRI/DSA survey data, 1989 - 1991.

strong negative correlation between farm size and The above comparisons do not control for land
area cultivated in bananas within zones. guality. Where land productivity has restricted popu-
farms than it is on large farms. The reason is that!0 be denser and farms smaller than in the areas where
despite its better response to the additional labor tha@nd is more productive. On the other hand, the oppo-
small farmers can supply, its yields remain behindSite is true in much of Rwanda, where the easy-to-
those of sweet potatoes and white potatoes in terms ¢fear hillsides have been under cultivation for centu-
calories and behind yields of beans in terms of profies, and the harder-to-work valleys have been cleared
teins. Consequently, these three crops, along wittPnly recently. Though the valley lands tend to be
maize (the highest-yielding cereal), rather than cas/more productive than the steep slopes (according to

sava, are the ones that become more important aQUr data on farmer perceptions), they have their own
farms grow smaller. problems with acidic soils, which have forced their

To make room for the highest-yielding food and use as pasturelands in the past.

cash crops, small farmers allocate less land to fallow, Unfortunately, good measures for land quality are
pasture, and woodlot, as well as to lower-yielding not available, although a reasonable proxy is devel-
crops such as cassava, peas, and sorghum. oped for use in Chapter 4. In this report we will
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proceed by controlling for the agroclimatic zone,which hurts coffee’s roots and may contribute to the
knowing that both yields and population density ardow yields noted.

high in the Northwest. Sweet potato yields are positively correlated with

Since yield data tend to be highly variable, com4and scarcity even when controlling for agroclimatic
parisons based on a relatively small number of obserone. For the Northwest we can present only the
vations could be easily dominated by random variarelatively high yields on the small farms, since in this
tion. Consequently, we restrict our discussion to theone, larger farms are few and mostly located at
five major crops that are grown throughout Rwandahigher altitudes, where white potatoes are the crop of
where we have the largest number of observationschoice.

Figure 3.8 shows that controlling for zone does not Maize is the only one of the five major crops that
weaken the relationship between land scarcity andoes not show any clear association between land
bean yields, except in the Northwest. One possiblscarcity and yield, after the variation for agroclimatic
explanation is that in the Northwest, many of thezones is held constant. In other words, the correlation
larger farms are located on the fertile volcanic highat the national level is shown to be spurious, caused
lands, some of which have been cleared for cultivaby the fact that maize yields well in the Northwest
tion only recently. Another partial explanation is thatwhere most farms are small. On the other hand, if
since the regional population density is high in thdarge farms in the Northeast do indeed have better
Northwest, larger farmers hire more labor than elselands than small farms, as wpothesized above,
where. then the standard pattern might re-emerge if we con-

Banana yields (Figure 3.8) show a less consister'%{oueo_l no.t just for |nt.erzone, but also for intrazone
variation in land quality.

picture, presumably reflecting land quality changes
ignored in this report. We can, however, rule out the In sum, although we have not controlled for pos-
possibility that interzone variation causes the relasible differences in land quality, four of five major

tionship observed at the national level. Overall, yieldsrops show positive correlations between land scar-
are highest in the East, where many of the largeity and yield (that is, small farms have better average
farmers are located. The figure suggests that smdind productivity). In other words, additional family

farmers in the South-Central zone cultivate degradethembers help their households produce more, al-
lands not well suited to bananas or many other cropshough not enough to keep the per-capita availabili-
Sties constant. We return to the marginal productivities

Coffee yields show the national pattern (small farm :
of land and labor in Chapter 4.

yield better than large farms) in three of the five
zones, with the reverse being true in two zones. Pre
sumably this is an indication of small farmers ne-TRENDS AND CROSS-COUNTRY
glecting coffee trees that they legally cannot cut downCOMPARISONS

but were not interested in carefully managing due to
low prices. In the three zones, coffee still appears tinh this section, we first examine the evolution of

be an attractive cash crop for small farmers with fewjields since 1984 using DSA’s dataset. We then com-
off-farm opportunities, even though it is the mostpare the trend of yields in Rwanda to those in neigh-
labor-intensive crop of all. In the South-Central zoneboring countries. Since fully comparable nationwide

and even more so in the East, many small farmersgricultural survey data are not available for all of the
appear to have abandoned their coffee trees, anmtkighboring countries, we use the data compiled by
DSA’s land use data show that some of them havehe United Nations Food and Agriculture Organiza-

started to grow food crops among the coffee treesion (FAO), presented in its Production Yearbooks.
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Figure 3.8. Beans and Banana Yields by Farm Size (Ares/AE) and Zone
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Source: Computed from MINAGRI/DSA survey data, 1989 - 1991.
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We also compare FAQO’s estimates to those of thaith better alternatives to focus their efforts else-
DSA, and discuss reasons for the differences. where.

Yields Since 1984 Based on DSA Data In the case of bananas, part of the decline in yields
Comparisons of DSA data for the 1984 agriculturalWas caused by expansion of the area under bananas
. Ey more than one-fourth between 1984 and 1990.

year and for the mean of agricultural years 1989-19917 o

. . . _This expansion increased the share of young bananas
show that, except for maize, the yields of all majorh th t vet produced at all q bel
crops have declined (Figure 3.9). Though benchmar%ha, fa;I/e no yf produced at afl, or produce below
data are available only for 1984 (no multi-year aver- €ir Tull capactty.
ages), the fact that 1984 was considered to be aln the case of beans, part of the decline in yield can
modest drought year suggests that the observed dee attributed to pest problems that were unusually
cline in production between 1984 and 1989-91 waserious in 1989-1991. Although the data for agricul-
real, and possibly even understated. Particularly alarntural years 1992 and 1993 were not available for
ing are the strong downward trends for tubers, thanalysis, our field observations suggested that both
main providers of calories, especially for the poor. bean yields and the area under beans recovered after

Coffee yields have also declined. A possible reasor%ggl'

for this is the declining price of coffee during the late While we have reason to believe that banana, bean,
1980s and early 1990s. The declining real producesind coffee yields declined at least to some extent for
prices of coffee during 1989-1991 reduced returns tgpecific reasons, the data also point to an alarming
land and labor in coffee production, encouraging thosdecline in overall land productivity. This occurred

Figure 3.9. Evolution of Yields (1984-1991)
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Source: Computed from MINAGRI/DSA survey data, 1984, and 1989 - 1991.
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despite the rapid expansion of the agricultural labobase is that of the FAO, which publishes data pro-
force that, other things being equal, should have raisedded by member governments. In the case of Rwanda,
yields by enabling better weeding, more timely plantthese estimates are made at the MINAGRI using past
ing, etc. The unavoidable conclusion is that otheestimates, reports from local authorities, and expert
things have not stayed equal. The discrepancy b@pinions, including those formed by crop-cut esti-

tween cross-sectional results, suggesting that addimates from Rwanda’s national agricultural research
tional hands do increase production, and the longituinstitute (ISAR), in addition to the DSA survey data.

dinal findings that they have not done so in the 1980s, FAO Production Yearbooks are not very explicit

qmounts to q“_'te strong, mdwect_ewdence of the S€bout how their reported yields are defined. Accord-
rious degradation of Rwandan agricultural lands. More . : .

) g i ; ing to our reading, FAO production figures are an-
direct evidence of the impact of land degradation on

cultural ductivity | ted in Chaot 4nual, and the harvested area includes fields under
agricutiural productivity 15 presented in thapter ‘perennials only once, whereas fields under annual

and of farmer-reported changes in land prOdUCtiVi%seasonal) crops can be included as many times as

in Chapter 5. they are harvested. We further assume that FAQO'’s

Comparing DSA and FAO Yield Data reported cassava yields refer to an assumed average

The DSA production, area, and yield data used abovg oWNd cycle of 18 months.

are based on detailed farm surveys. In these surveys With these interpretations, FAO’s yield estimates
land use is measured and its allocation among crogse substantially above those of DSA for nearly all
is estimated seasonally, with crop production meamajor crops (see Table 3.2); we cannot compare the
sured by weekly recalls. figures for bananas, however, as FAO yearbooks do

For international comparisons, the standard datQ\Ot report data for bananas in Rwanda. FAQ’s 1989-

Table 3.2. Comparison of Land Productivity (Kg/Ha)
Using DSA and FAO Data

DSA FAO
(1989-91) (1989-91)
Crop (Kg/Ha) (Kg/Ha)
Beans 838 808
Peas 272 580
Sorghum 1,016 1,150
Maize 1,010 1,274
Sweet Potato 4,527 5,960
Cassava 2,185 2,870
Potato 6,102 6,744
Banana 6,788 *
Coffee 256 350

Sources: MINAGRI/DSA survey data, 1989 - 1991; and FAO Production Yearbook,

Vols. 45 (1991) and 46 (1992).

* Information not available in FAO reports. Several adjustments have been made to FAO figures to ensure
comparability with the DSA figures:

Cassava: FAO figures were divided by 3, since they are for 18 mos.; DSA figures are for 6 mos.
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1991 mean yield estimates for maize, sweet potatoespmparisons for minor crops too suspect.

cassava, and coffee are 20-30 percent above those O(N . .

DSA’ timates: for the oth FAO'S i e compare Rwanda to its four neighbors —
s estimates, for the other crops, S IguresUganda, Tanzania, Burundi, and Zaire — and to

are 10-20 percent above DSA's. Only bean yields arRenya, which, although without a shared border with
the same from the two sources. . .
Rwanda, is close and includes densely-

The true yields may lie somewhere between the populated highlands that compare favorably to

two estimates. Experts knowledgeable in the CroRL vanda’s. Of these six countries only Kenya has

survey methods used by DSA generally think tha?lad any substantial agricultural modernization with

there is a small downward bias in the prOductlonlndustrial inputs and improved varieties. Zaire has the

estimates, as some small quantities of harvest ABwest population density and an agriculture with
forgotten or not reported. On the other hand, crop-cut . . . .
almost no industrially-produced inputs. Population

estimates from small plot samples (the method Pensities in Tanzania and Uganda are also far below

ferred by agricultural research organizations), ares vandan levels. but Tanzania resembles Kenya in

vulnerable to an upward b.|as. Unless great care hat a significant portion of the population lives on
taken to choose representative samples, crop-cuts te{hd

be taken f b h | df e densely-populated highlands. Burundi is most
tq € ta.en. rom etter-'t gn-average plots, an rorEomparable to Rwanda, although its population den-
higher-yielding areas within selected plots.

sity is also somewhat below that of Rwanda.
Even if the FAO yield estimates have a slight up- Note, however, that low population density does

war'd bias, |t| does n(t)rt1 invalidate Io.ngltudmell Ctom'not necessarily mean that farmers can cultivate large
parlsons as .ong ?‘5_ € error remams. constant oV s, Instead, it often means that they can afford to
time. Assuming this is the case, we will use FAO's

b look q iahtly | restore fertility with long fallows, have consequently
nym er§ to look at trends over a slightly longer pe'higher yields, and need not weed much or cultivate
riod of time. . . . .
very large areas to feed their families. This explains
Comparing the mean yields of two three-year periwhy (at least according to the FAO data) Tanzania
ods ten years apart (1979-81 and 1989-91), we getlas less cultivated and permanently cropped land per
picture of Rwandan crop yields that is almost aperson than Rwanda or Burundi.

alarming as that painted by DSA'’s survey data for

sweet potatoes, cassava, and coffee. The yields Pr}c Burundi and are above those in Kenya, Tanzania,

white potatoes and sorghum have not declined 4%nd zaire (see Table 3.3). Yields are substantially

corglmg to FAO, and bean y|e_Id5 have increased. I:%gher in Uganda, despite declines in the 1980s. Yields
maize, both datasets show yield increases. Altho

u . . . . .
gpuave also declined in Zaire, but have increased in

FAQ's estimates are not as dire as DSA's, they a0 anzania and Burundi, while remaining stagnant in

that food production has not kept pace with pOpUIananda.

tion growth, and that the yields of some major crops
have actually declined. Maize yields are the lowest (722 kilograms/hect-

are) in Zaire, twice as high in Tanzania and Uganda,
even higher in Kenya, and slightly below Ugandan
The problem with intercountry comparisons is thatlevels in Rwanda and Burundi. Yields have increased
the methods and definitions used by the governmenta the 1980s in Rwanda, Burundi, Tanzania, and
may differ. However, FAO seeks to standardize tha@bove all in Kenya, while they have stagnated in
methods and definitions, and in any case there is ndganda and declined in Zaire. The rapid increases in
better available data set for international compariKenyan maize yields can be attributed to agricultural
sons. We discuss only the main food crops and cofnodernization, and along with lessons learned from
fee, assuming that measurement problems make tiZ@mbabwe and Zambia, suggest that similar increases

Sorghum yields in Rwanda are comparable to those

Intercountry Comparisons Using FAO Data
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Table 3.3. Cross-Country Yield Comparisons Using FAO Data

Yield (Kg/Ha) per Season

Crop Rwanda Burundi Tanzania Uganda Zaire  Kenya
Beans 808 1,074 640 812 580 *
Peas 580 568 318 547 660 *
Sorghum 1,150 1,153 941 1,486 637 964
Maize 1,274 1,285 1,446 1,374 722 1,684
Sweet Potato 5,960 7,154 2,067 4,131 4,955 10,955
Cassava 2,870 3,760 3,440 2,840 2,554 3,063
Potato 6,744 7,154 6,861 6,857 4,771 4,922
Coffee 350 406 213 311 189 317

Source: FAO Production Yearbook, Vols. 45 (1991) and 46 (1992) .
* Information not available in FAO Report.

are possible (though not necessarily economically Cassava yields appear to have declined dramati-
attractive) in Rwanda with the use of chemical fertileally in Rwanda in the 1980s. Though the FAO’s
izer and other modern inputs. very high estimate for 1979-81 is perhaps question-

Bean yields are highest by a wide margin in Burundﬁ_ble,’ the FAQ's picture for 'Tanz§n|a Is somewhat
followed by Rwanda and Uganda, with much IowerS'm'Iar' Over the same period, yields stayed at a
yields reported for Tanzania and Zaire. In the 1980<S:9nstant, high level in Burur.1d|, n Ken_ya at a some-
. . . . __what lower level, and have increased in Uganda and
Tanzania partially closed the gap with Burundi and |
: . Zaire from much lower levels. Overall, the FAO data

Rwanda, both of which have also seen some increases

according to FAO. In contrast, yields in Uganda an§n thgse Important sub5|ster1ce tubers suggest that
. . lelds in Rwanda and Tanzania have degraded, while
Zaire have declined.

Burundi and Kenya have somehow managed to avoid

Sweet potato yields are many times higher in Keny&ych a decline.
than in Tanzania, and about twice as high as in Zaire . )
and Uganda. Rwanda and Burundi are between theWh'te potato yields vary substantially among coun-

two extremes. While the FAO's (and the DSA’s j[rles, but haye stayed remarkably constant over time
all countries, except Kenya, where they have de-

estimates suggest that sweet potato yields have ér(% 4. In the tropi at I only i
clined by one-fourth in the 1980s in Rwanda, eve(r:mIne - ' the rop|c§, potatoes grow well-only in

. . N . highland areas, and in Rwanda they are the only crop
more in Tanzania, and significantly in Uganda alsa, ~ . )
. . . . . heavily dependent on pesticides. According to the
yields in Burundi and Kenya have increased. Since ) o ‘

. FAO, yields are high in Rwanda, Tanzania, and

sweet potatoes are usually intercropped, the area undéer X )

. . e . . Uganda, and low in Burundi.
them is notoriously difficult to estimate, which may
call into question the validity of these estimates. Coffee yields in Rwanda matched those in Burundi
Nevertheless, the differences are startling, and sineed Kenya in the early 1980s, but over the past 10
sweet potatoes are the most important food crop years, yields in Burundi have increased while Rwanda
Rwanda, understanding why these differences occand Kenya have seen yields decline. At a lower level,

would be valuable.
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the same happened with Tanzania and Uganda. These

two countries started at the same level, but by the enlljfo‘BOR PRODUCTIVITY

of the decade, yields in Uganda had increased by one- m _
fourth while those in Tanzania had declined. Zairiar>Urvey data on labor use are difficult and expensive
coffee yields are the lowest of all. Since coffee yieldd® COllect. The DSA dataset used in this report has no
depend heavily on how carefully farmers mulch anOo.bservatlons on labor allocation either between crop-

manage their coffee trees, declining yields in Rwandd’'"9 and non-cropping aCt'_V't'eS’ or amon.g Crops.
Kenya, and Tanzania suggest that incentives for co1:[he only DSA labor data are: (1) demographic data —

fee production have declined, while the opposite hagumbers ofpersons, including their sex and age, in

been true in Burundi and Uganda. Zaire’s low yieldsthe household (from which we derive numbers of

suggest that production there is extensive, with IanﬁldUIt equivalents), and (2) labor transactions (sales
availability not posing a significant constraint to and p'urchases) n the. farm and nonffalrm sectors.
Zairian farmers Combining (1) and (2) gives us rough estimates of the

hours available to agriculture, other non-market ac-
In sum, according to the FAO data, Rwanda lostjyities, and leisure.

much of its yield superiority during the 1980s. Not ) ] ) )
only did Rwanda’s initially high cassava yields fall To derive estimates of agricultural labor productiv-

below that of most of its neighbors, Burundi also'y» We make several assumptions about how much

surpassed Rwanda in maize, sweet potato, and coffdie rgral Rwandans allocate to agriculture. Our gs—
yields, Kenya increased its lead in maize and sweg!mptions were developed by Laurence Uwamariya,

potato yields, Tanzania out-yielded Rwanda in casPSA agronomist:

sava, and closed part of the gap in sorghum and bean. The agricultural working day is six hours, except
yields, and Uganda did the same in sweet potato arifl three prefectures. It is seven hours in Byumba,
coffee. eight hours in Gisenyi, and nine hours in Ruhengeri.

While comparisons using DSA’s data for the years . Each week has five working days.
1984 and 1990 paint an even more dire picture, FAO’s

data suadest that Rwanda ot onlv performed boorly. No agricultural work is done in July, and farmers
99 yp POOMYkork half-time in January, February, June, and Au-

but that it also did worse than any of its neighbors. Its .
ust. The exceptions are Byumba, where farmers

food security clearly deteriorated as the yields of al . . .

. . y y . . y work only one-third of their normal hours in August,

its main food crops either declined or grew much . . .
o and Kibungo, where they do no agricultural work in

more slowly than the population, in a context where uaust

little new land can be brought under cultivation. Par- gust

ticularly alarming are the figures showing collapsing Note that the assumptions we have used do not

yields of sweet potatoes and cassava, since growirigpend on farm size. In other words, we assume that

more tubers has been the traditional way of feedingn absence of land to work does not make farmers

more people on small farms. work more (or less). That is, we assume that if farm

. . . size per available worker declines by one-half, labor
However, Rwanda still has comparatively high
use per hectare exactly doubles.

yields in its main cash crops — white potatoes, sor-
ghum, coffee, and tea. Moreover, despite the yield With these assumptions, we have calculated the
declines of the 1980s, bananas and sweet potatoggerage returns to labor in crop production by zone,
can still produce large quantities of calories per-hectfarm size quartile, and crop. Our estimated average
are. These crops, together with maize, that has greegturns to labor in Rwandan agriculture were RF10.3
potential for higher yields, hold promise either as($0.07) per hour in 1988-1991. In terms of purchas-
food or cash crops. ing power, this corresponds to approximately 588
grams of beans (1,784 kcals), or 2,320 grams of sweet
potatoes (2,508 kcal$).
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3.4). At the national level, returns to labor hours are
twice as high in the most land-abundant quartile as in
By a wide margin, labor productivity is highest in thethe most land-scarce quartile. However, part of this is
East, where yields are above the mean and farms ag&plained by the fact that farms are largest in the East,
relatively large (Figure 3.10). While the fertile North- where returns to labor are unusually large. Within
west with its volcanic highlands and the fertile ba-zones, the differences among the quartiles are some-
nana region by Lake Kivu ranks first in land produc-what smaller, except for the South-Central zone, where
tivity, high population density and longer work daysthe smallest quartile does particularly poorly.

mean that, in this zone, returns to labor hours are i .
estimated to be only slightly above the national aver- Moreover, the collapse in labor productivity seems

age. The North-Central zone is close to the natione{P accelerate with land scarcity. Differences among

average both in land and labor productivity. Returnsthe three least land-scarce quartiles are small com-

to labor are lowest in the Southwest and South—CerEared to those between them and the most land-scarce

. . uartile. In the Southwest, returns to cropping labor
tral zones, the two zones where vyields are dlsmallg ] i
low appear unusually low for the quartile with the largest

farms, presumably in part because their lands are
The result of monetary returns to labor being somgegraded, and in part because we may have overesti-

50 percent higher in the East than they are in Rwandaated the allocation of labor to cropping by house-
southern zones is compatible with the fact that mucholds that own much livestock.

of the migration inside Rwanda during the past de-

cades has been from the South to the East (Clay et a,l.Slnce the land scarcity quartiles arg basgd on ha-
1990) tional rather than zone-by-zone rankings, interzone

comparisons in effect control for land scarcity (at

Labor Productivity and Land Scarcity least within each of the three lowest quartiles). The
lowest quartile, for instance, includes households with
dess than 7.5 ares of agricultural land per person. That
returns to labor are above the national average in the
smallest quartile in the East reflects, above all, that
labor sales are made possible by the strong effective
demand for labor in this zone. Returns to labor are
unusually low among the smallest households in the
South-Central zone, where a dearth of effective de-
mand for labor leaves the most land-scarce house-
holds with few productive uses for their labor.

Regional Differences in Labor Productivity

Not surprisingly, we find that labor productivity de-
clines dramatically with increasing land scarcity (Tabl

Figure 3.10. Labor Productivity (RF/Hr) by
Zone

Differences in Labor Productivity by Crop

Since no data are available on how the surveyed
households allocated their labor among the crops, we
allocated the estimated number of cropping labor
hours based on the amount of land under each crop
and the estimated relative labor-intensities of each
crop. The latter are adapted from an earlier cost of
production study conducted by the National Univer-
v 2 4 & & 1w 112 “ sity of Rwanda. Due to thg rnany'assumptions needed
FRW/Hour to ar.rl.ve at the crop-specific estimates of Iapor pro-
ductivity, they should be regarded as suggestive only.

Source: Computed from MINAGRI/DSA survey data, )
1989 - 1991. The results suggest that bananas and white potatoes
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Table 3.4. Mean Labor Productivity
by Zone and Landholdings

Landholding Quartiles (Ares/Adult Equivalent)

Zone <7.5 7.5-12.8 12.8-20.5 >20.5 Total

Northwest 12.6 18.4 25.4 24.8 20.8
Southwest 12.0 21.6 20.8 16.4 16.8
North-Central 17.8 14.8 22.6 24.2 19.8
South-Central 9.4 15.4 20.0 22.4 17.0
East 21.4 194 23.6 324 26.4
Rwanda 13.4 17.0 22.6 26.8 20.6

Computed from MINAGRI/DSA survey data, 1989 - 1991.

provide considerably higher returns to labor than do Figure 3.11. Labor Productivity (RF/Hr) by
other crops (Figure 3.11). This result is compatible Crop

with other observations. Inthe case of white potatoes,
the finding is consistent with the overwhelming popu-
larity of potatoes among all four farm size quartiles in
the region where they grow well, and where the
necessary pesticides are available. Similarly, bananas
are grown by small and large farms alike, and be-
tween 1984 and 1990 the area under bananas in-
creased by more than one-fourth.

Coffee

The other main crops — coffee, cassava, sweetswest Potato
potato, maize, sorghum, and beans — all provide
roughly comparable returns to labor. This, together
with the results presented on land productivity (Fig- ~ Serghum
ure 3.1 above), explains why the crop mixes are so Peas
similar across farm size quartiles (Figure 3.2). None
of the major crops provide a combination of high
returns to land and low returns to labor, which would
be the likely characteristics of crops that large farm-
ers avoid but which land-poor farmers are forced to
grow. Also the opposite — the crop that needs little

labor but much land and is appealing to large farmergource: Computed from MINAGRI/DSA survey data,
— is missing 1989 - 1991.

Makze

o 5 10 15 20 2% 30
FRW/Hour
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4. Determinants of Farm Productivity

Much of the empirical productivity research in de-
veloping countries in general has focused on the re-

) lationship between farm size and productivity. Most
Farm-level research on patterns and determinants 8ff this work has been in Asia; very little has been

productivity in Africa during the 1960s and 1970S‘undertaken in Africa. Research in Asia has often
focused mainly on sample stratification based on farrr']Ounol an inverse relationship. For example, work in

characteristics. Farm size, use of animal tractionl,ndia (Bardhan 1973: Deolalikar 1981; Rao and

access to credit, use of new seed varieties, land ten“&otigeat 1981) shows that small farms have higher

status, ar?d ncome were among the more importagy productivity but lower labor productivity (as
characteristics examined (Eicher and Baker 1982)'they use more labor-intensive techniques). This evi-

Since the 1960s, soils have degraded and erosiglence has been important in the land reform debate in
has become a major environmental problem in mangleveloping countries, supporting the smallholder
developing countries. Access to land has become iwhose labor/land ratio is higher, and who uses land
creasingly constrained iareas formerly thought land more intensively.

abundant, factor and credit markets have structurally Research in Africa on productivity has often been

changed, gnd land markgts .have deyeloped. N_OWrop-specific, and has usually focused on larger and/
most countries are confronting important issues relating, .o mercial farms Relatively few studies have

to land degrgdatlon, Iapd productivity, and grOWInganalyzed the relationship between farm size and pro-
land cor?stramts. The linkages among t.hese fathr(?uctivity in the smallholder sector. (Ellis (1993) re-

are particularly under-researched, yet |mpor.tant Wiews these studies.) Recent studies include Blarel et
areas such as Rwanda, where land constraints agg (1989), Carter and Wiebe (1990) in Kenya, Barrett
land degradation are serious and growing problem?1994) in Madagascar, and Adesina et al. (1994) in

This chapter explores the determinants of agriculCote d'Ivoire.

tural productivity in ngnda using household-l'evel The Kenya and Madagascar studies confirmed the
data from the 1991 agricultural year. We contrlbuteAsian findings of an inverse relationship between

to productivity determinants research in Africa throughfarm size and productivity. Blarel et al. found that the
an analysis of how farm size, erosion, and soil con

servation measures affect productivity.

INTRODUCTION

marginal product of capital in maize-bean cultivation
in Kenya falls as farm size increases, while the mar-
ginal product of labor starts low, due to intensive

HYPOTHESES AND APPROACH labor use on small farms, and rises with farm size.
Carter and Wiebe found similar patterns for wheat in

The above strategic research issues give rise to twW&enYa, citing the constraints faced by smallholders in

related hypotheses in the context of Rwanda. access to capital and by largeholders in access to

_ . labor as causes.
(1) Hypothesis: Average and marginal land prod-
ucts will rise as the size of farm decreases. Barrett found an inverse relationship in Madagas-

car, and noted that, in an environment of price uncer-
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tainty, differences in the households’ marketable sur- We expect that one or more of the explanations
plus explain the inverse relationship between farmabove apply to rural Rwanda, and thus expect the
size and productivity, where small farms are priceinverse relationship to hold.

r|sk.averse. .He did no.t assume .Iabor market |mper- Using marginal productivity analysis based on pro-
fections or differences in the quality of land, Croppingy  «tion functions. we examine (©), showing that

patterns, or village-level effects. smaller farms crop more intensively, and (a), that

However, empirical research has found that thisnarginal value products differ from market factor
relationship depends on how much non-labor inputgprices, indicating constraints to access to inputs, and
are used as a substitute for labor by large farmersience economic inefficiency. Tests of this proposi-
Adesina et al., in northern Cote d’'lvoire, found thattion have been rare in Africa, the exceptions being
large rice farms have greater land productivity tharCarter and Wiebe (1990) and Adesina et al. (1994)
small rice farms. The difference is attributed to differ-for Cote d’lvoire. Non-African research on the sub-
ences in technology use between small and largect includes Bravo-Ureta and Evenson (1994) for
farms, as a consequence of public policy. Large farmBaraguay.
were given preferenFial apcess to inputs,_cr_edit, anq (2) Hypothesis:Land degradation strongly reduces
research. Research in Asia has found a similar qualf-

e ) “land productivity; conversely, soil conservation in-
fication: Rao and Chotigeat (1981) showed that in . -
vestments raise land productivity.

India, land and labor have a negative effect on the
elasticity of the gross value of output per unit of land, The direction of these effects seems to be a matter
while capital has a positive effect. The net effectof common sense, but the empirical importance of the
depends on which of the two is greatest. Larger farméffects has rarely been examined in developing coun-
that employ more hired labor, more fertilizer, high-tries outside of experimental situations, particularly
yielding varieties, and improved plows and tractorsin Africa. For India, Bhalla and Roy (1988) and
tend to have greater land productivity. Bhalla (1988) incorporated the effect of land quality
_ ] in their analysis of the inverse relationship between
Ellis (1993) and Barrett (1994) reviewed four €X“farm size and productivity. Land quality was proxied

planations for the inverse relationship: (a) There is fo sail type, color, and depth in the absence of data
dual labor market; largeholders face the market wagey, soil fertility.

while smallholders face a virtual wage or opportunity

cost of labor that is lower than the market wage. An additional issue is whether one should expect
Small farms apply labor until its marginal value Iorod_the effects to differ between small and large farms.
uct becomes a fraction of the market wage: the greatdiis Will depend on whether small farms have more
labor-to-land ratio means higher yields (Feder 1984)qegraded soils than large farms. If the soils of smaller
(b) There may be decreasing returns to scale, afarms are more degraded, this will offset the potential
though most production studies in developing couninverse relationship of farm size and productivity.
tries show constant returns to scale. (c) Smallholders Our preliminary assumption was that smaller farms
may crop available land more intensively, whereasndeed have more degraded soils in Rwanda, where
large landholders may underuse land, leaving morihcreasing population pressure is reducing farm size
fallow or planting less densely. (d) Zone-specificand pushing farmers onto the fragile “extensive mar-
characteristics, such as soil quality or price risk, cagins,” of hillsides, characterized by thin and erosion-
affect the yield-size relationship perceived in an agprone soils (von Braun et al. 1991; Clay 1995). We
gregate sample (covering more than one zone). Fehen analyzed erosion per hectare over farm-size
example, a zone with better soils might attract moreerciles (reported in Table 4.1), and found that ero-
people, giving rise to smaller farms with better yieldssion does not differ significantly across farm-size
than in other zones. strata.
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Table 4.1. Farm Characteristics by Farm Size

Farm-Size Tercile

<0.58 ha .59 - 1.45 ha >1.45 ha Total Coeff. of Var.

Output (RF) 21.6 34.3 52.6 36.3*** 0.9

Yield (RF/ha) 74.4 42.1 26.1 47 .4~ 1.1

Labor (days/ha) 125.1 557 271 689.0*x* 1

Land (cultivable ha) 0.34 0.83 2.38 1,19 0.8

Fields (no. per ha) 13 7 3 8.0*x*= 0.8

Farm Age 17.9 18.4 20.8 19. 1 *x> 0.7

Erosion (est. in T/Ha) 4.3 4.7 4.6 4.5 1.1

Soil Conservation (m/ha) 672.8 414.1 344.6 477.2 1.5

Inputs Share 68.1 66.2 68.1 67.5 0.4

Fertilizer Use (kg/ha) 0.08 0.07 0.08 0.08*= 14

Distance (min) 8.25 9.08 11.65 9.70x*x* 1.1

Rented Land (%) 9.9 10.0 5.6 8.50** 1.9

Share High-Value Crops 0.34 0.32 0.36 0.34*= 0.7

Stratum’s Share Land 0.1 0.22 0.68 1.0 n.a.

GINI Coeff. for Land 0.3827 na
Source: Compiled from MINAGRI/DSA survey data, 1990. Fields: (FRAGMENT in regressions.) Number of fields on farm.
.71 RF = US$1 in 1990. Farm age: Average number of years of cultivation of fields.
n.a.: not applicable Erosion: USLE estimate average annual soil loss in tons/hectare.
** Strata means significantly different at 5% Soil Conservation: Total length of anti-erosion devices per-hectare.
*** Strata means significantly different at 1% Inputs share: (FERTSGARE in regressions.) Number of fields on f

farm.
Definitions: Distance: Average distance from residence to plot minutes.
Output: Value of gross agricultural production in 1000s RF. Rented: Percentage of operational holding rented.
Yield: Value of gross agricultural production per hectare in 1000s RShare HVC: Share of high valued crops (bananas and coffee) in
Labor: Available labor for household in person-days per hectare (total total agricultural output value.
family labor = labor hired - labor sold). Proportion of Land per Stratum: Cumulative amount of land per-
stratum.

This is at first surprising, but is partially explained tivity effect on smaller farms, and that the land qual-
by the fact that smaller farms have also been farmeity effect will not fully offset the expected inverse
for fewer years, are much more fragmented into smalielationship between farm size and land productivity.
plots, and have twice as many meters per hectare of
soil conservation infrastructure. Thus, as these Sma”?\r/IODEL
farms age and there is little opportunity to shift cul-
tivation to fallow areas and let cropped areas rest, t . . . .

. . PP ) . r\%/e start with a production function relating output to
short- to medium-term strategies of soil conservation . .
) . . inputs (labor, land, fertilizer) and other conditioners
investment will slow degradation but not fully offset |
. ._such as land quality:
it. In the longer term, one would expect degradation
to be more severe on smaller farms (thus mitigatinyalue of Output =
the inverse relationship between farm size and land f(Land, Labor, Capital, Conditioners) (1)

productivity. From the levels of the variables and the estimated

In sum, in the short- to medium-term, we expecpoefficients, we compute marginal value products
that degradation will not have a differential produc-(MVP) of the inputs. The MVP is the change in
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output associated with an incremental change in the OUTPUT is the aggregate value of production of a
use of an input. The MVP of input X is in turn farm. While our data show allocation of land to spe-
conditioned by use of X, by use of other inputs, andific crops, we lack household observations on labor
by conditioners, such as the degree of erosion. Thand fertilizer allocation per crop. Moreover, most
MVP is used in the following section for three pur- Rwandan farms allocate an important share of their
poses related to testing our two hypotheses: (a) tand to mixed cropping. Thus, we specify output as
show how the marginal productivity of land changesan aggregate (over crops) in cash value terms (the
over landholding strata; (b) to show how land pro-sum of each crop’s physical output weighted by the
ductivity is conditioned by soil degradation; and (c)market price prevailing at harvest in 1990).

to examine whether the MVP is equal to the marginal Bardhan (1973) notes, however, that such aggrega-
factor cost (input price) to determine whether use of, ' ’

} ) o ) ion overlooks the effect of crop-composition of out-
that input is efficient, or somehow constrained. . . .
put, and the marginal value product gives more weight

to farmers producing crops that have higher prices
DATA than does the marginal physical product. We address
this problem by controlling for crop mix (discussed
The data used here come principally from a nationbelow.

wide stratified-random sample of 1,240 farm house- Variable inputs are LABOR, LAND, and
holds (operating 6,464 plots) interviewed in 1991 byFERTSHARE. LABOR is expressed in person-days
the DSA ofMINAGRI.TwQ surveys were CondUCteq:per-hectare, and is an aggregate of hired and own
the baseline survey, which enumerated pmduc“oihbor. It is considered predetermined because it is

and other activities of the sample every week overthﬁwinly own labor, which was proxied by household
year; and the agroforestry survey, which enumerateg%Ze in adult equi’valents

soil conservation measures taken by households. See
Chapter 2 for additional detail. LAND is expressed in hectares (of cultivated land).
It is also treated as exogenous because it consists

The baseline survey provides information on OUt 3 Imost entirely of owned land, and landholdings are

puts and inputs. Missing, however, are the fOIIOWingset by traditional land rights. Rwanda lacks a com-
categories of information: allocation of own and etitive land market for the transfer of land

hired labor to specific crops, and total househol

labor differentiated between cropping and other ac- All farmers use hoes and machetes as basic farm
tivities, and allocation of purchased inputs (fertilizer,t00ls; animal traction is not used. There is extremely
pesticides, lime) to fields or crops. The agroforestr)}it“e use of chemical fertilizer, lime, and pesticides.
survey provided data on soil characteristics and sofil fertility is maintained principally by fallow and

conservation investments, but no direct estimates ¢¢s€ of manure. Our dataset lacks information on the
soil erosion. quantities of manure used. As a rough alternative, and

with the assumption that parcels are homogeneously
fertilized, a proxy variable, FERTSHARE, is used:
The share of cultivated area on which any of the
following are used: organic matter, chemical fertil-

REGRESSION SPECIFICATION

The regression specification is as follows: izer, lime, or pesticides. Though pesticides are not

OUTPUT = fertility-enhancing inputs like chemical fertilizer and
f(LABOR, LAND, FERTSHARE, FRAGMENT, lime, their effect is to increase agricultural output in
AGEFARM, EROSION, DISTANCE, the short term, and they are thus grouped for purposes
SHAREHVC, TENURE, NORTHWEST, of this study with fertilizer and lime as purchased

SOUTHWEST, NORTHCENTRAL, EAST)  (2)  inputs. The present regression specification combines
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organic and purchased inputs into a single aggregateThe following data from the baseline dataset, plus
indicator (FERTSHARE) of variable capital inputs. secondary data, were used to measure the above USLE
Moreover, very little fertilizer or pesticide is used. variables: (a) for R, we used average annual rainfall

There are several variables that control for farmdata for the 7&ecteursin which our sample house-

characteristics. FRAGMENT reflects the number ofh0|ds resided; (b) for S, we used plot slope data; (c)

plots per hectare (fragmentation). The more plots, thfeOr the C value we used baseline data on crop mix; (d)

more time the farmer spends moving around the farmf,or L (plotlength) we used the square root of the plot

and the more inefficient the operation. DISTANCE #€2 (with the simplifying assumption that the plots

reflects the average (over farm plots) time the farmef' < square); (€) for K we used secondary data on the

travels from the household to the plots; greaterSOII types for the 12 zones from W_h'Ch our.sample

. - . was drawn; and (f) for P (conservation practices) we
distances mean less efficient operation.

used DSA Agroforestry data on meters perhectare of

AGEFARM is the average (weighted by plot size)soil conservation infrastructure used (grass strips, anti-

of the number of years since cultivation began orerosion ditches, hedgerows, and radical terraces).
currently-farmed plots; older plots are expected to be

: . Land TENURE is the percentage of cultivated area
less fertile, all else being equal.

rented per-household. It reflects effort disincentive

EROSION is the average annual soil loss in tongecause we expect that farmers invest less effort in
per hectare per farm. Itis calculated using the Univerimproving rented plots.

sal Soil Loss Equation, (USLE; Morgan 1986; Hudson o ¢ i (th d f hich i
1981). The USLE provides an estimate of the long- U proxy for ch)p mix (the nee ) or which 15
. discussed above) is the share of high value crops
term average annual soil loss from parcels of arable )
. . " (SHAREHVC), bananas and coffee, in the gross value
land under various cropping conditions (Hudsonf Ut
1993), and is specified thus: ot output.

Erosion (plot-level) = Dummy variables are used to capture the effects of

RxKxXxLXSXCxP ©) agroclimatic zone. The five zones are NORTHWEST,
SOUTHWEST, NORTHCENTRAL, SOUTH-
where: CENTRAL, and EAST. They differ by rainfall,
R is the index of rainfall and runoff; altitude, soil quality, and crop mix/vegetative cover.

In general, the western zones are rainier and higher in
altitude, with soils that have been farmed much longer
than those farther to the east. (See Chapter 2.)

L is the length of the plot (compared to a standard

K is the soil erodibility index reflecting the suscep-
tibility of a soil type to erosion;

field of 22.6 meters); FUNCTIONAL FORM AND ESTIMATION
Sis the slope of the plot relative to a standard (METHODS
percent);

) ) ] Most production studies in Africa have used linear or
C is the C-value, the ratio of soil loss on a IOIOtlog-linear functional forms (Eicher and Baker 1982);

under a standard treatment of cultivated bare fa||OV¥eW have used more complex forms. Linear and log-
compared to the soil loss expected from the crop Minear forms are criticized for being too restrictive, as

and cropping practice used on the current plot; they do not allow analysis of interactions among

P is the soil conservation practice factor, which isvariables. We favor the translog (transcendental loga-
a ratio comparing the soil loss of the plot (given soilrithmic), a flexible functional form. Lau (1975) rec-
conservation measures used thereon) with that from@mmends the translog when there is relatively high
field with no conservation practice. substitutability among inputs; Antle and Capalbo

(1988) and Nakamura (1984) recommend its use be-
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cause it is general and flexible, and enables the use ofOutput increases and yield declines as one goes
few parameters to model behavior without imposingrom the smallest to the largest terciles. The overall
restrictions on the function. The general form of theyield (in value terms) of the average farm in the
translog production function is: largest tercile is one-third that of the smallest-farm
ny= g, + ZBInx, + E[J’J-Zj Itelrjcile. The yi(;ld adva-mtsge is rITI1ainIy dL_JIe to algre?ter
+ Z}Z}ﬂijlnxilnxi + Ei}ﬂijlnxizj g or use per hectare: the smallest tercile applies Qur
+ BD, (4) times more labor per hectare than the largest tercile.

where $sare coefficients,i inputs, j conditioning
factors, andk dummy variables. Applied to our vari-
ables this becomes: B are four times as fragmented (indicated by num-
ber of plots per hectare);

Compared to the largest-tercile farms, the smallest-
tercile farms:

In(output) = B, + BINLABOR + f,InLAND

+ B;FRAGMENT + B,AGEFARM B have been farmed fewer years;

+ BEROSION + BGFERTSHARE B have plots clustered closer to the domicile;

+ B;DISTANCE + pBgSHAREHVC

+ B,TENURE + f,,InLABOR*Inland B have a higher share of land rented (10 percent
+ B,,INLABOR*EAST compared to 6 percent for the largest);

+ B1INLAND*AGEFARM m have only slightly less eroded soils;

+ pB,sINLAND*EROSION _ _ o

+ B,JINLAND*FERTSHARE B have twice as much 50|I. conservation mvest_m.ent
+ B, ,NORTHWEST + [,SOUTHWEST per-hectare (measured in meters of own-built in-
+ BLoNORTHCENTRAL + [,,EAST frastructure per-hectare);

+ U 5) B use the same (very small) amount of chemical

In an initial specification of the model, we included fertilizer; and

soil conservation investment as a regressor, but fours have about the same proportional value of output
that they were highly correlated with EROSION, and  coming from the high-value crops of coffee and
thus dropped investments; we brought them back into  bananas (also crops with low erosive impact).
the analysis by relating MVP of land and labor to

levels of soil conservation investment on the farm, ABESULTS AND DISCUSSION

discussed below.The retained regressors success-
fully passed the test for exogenéty.

Table 4.2 shows the production function regression
results. Labor and land have positive, significant ef-
PATTERNS fects; but full effect can be ascertained only by as-
sessing these sole effects together with the interaction
Table 4.1 above shows patterns in output, inputderms, which is done below in our discussion of
conditioning factors, and other household charactermarginal value products. Farm age has a significant
istics, compared across terciles of farms grouped ategative effect, as expected. Fragmentation has the
cording to farm size: smallest, averaging 0.34 hectexpected sign but is not a significant factor. Share of
are; middle, 0.83 hectare; largest, 2.38 hectares. Thiented land is not significant. Erosion’s direct effect
latter is still far below average holdings in Sub-Sa<{after controlling for its indirect effect) is unexpect-
haran Africa. Note the seven-fold difference in land-edly positive, but not significant. The share of coffee
holding between tercile averages; 68 percent of thend bananas (high-value crops) have, as expected, a
land is held by the largest tercile, only 10 percent bytrong effect on the value of aggregate output.

the smallest. The Gini coefficient is 0.40.
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Table 4.2. Translog Function Produc-
tion Estimates?

Variableb Coefficient  Standard Error
(1) LABOR 0.54*** (0.13)
(2) LAND 0.36"" (0.19)
(3) FRAGMENT -0.002 (0.002)
(4) AGEFARM -0.003* (0.001)
(5) EROSION 0.04" (0.07)
(6) FERTSHARE 0.007 (0.006)
(7) DISTANCE 0.003 (0.002)
(8) SHAREHVC 2,73 (0.91)
(9) RENTED 0.001 (0.001)
(1)*(2) 0.02 (0.03)
(1)*(5) -0.01 (0.01)
(1)*(8) -0.31 (0.15)
(1)*NORTHWEST 0.31 (0.09)
(2)*(5) -0.01 0.007)
(2)*(6) -0.001*** (0.001)
(2)*(8) 0.07 (0.1)
NORTHWEST -1.22" (0.53)
SOUTHWEST -0.0 (0.06)
NORTH-CENTRAL 0.18"** (0.05)
EAST 0.42*** (0.06)
Constant 6.56™"" (0.76)
Adj. R2 0.53

Source: Estimated with MINAGRI/DSA survey data,
1990.
8 The dependent variable is the logarithm of gross
value of output in 1990 agricultural production in
RWF.
b Definitions of variables: as in Table 4.1.
*** Significant at 1 percent.

** Significant at 5 percent.

*Significant at 10 percent.

AVP, or yield, and MVP) decrease as the farm size
increases, as hypothesized. AVP and MVP of labor
increase with farm size, again, as expected.

Nevertheless, Ellis (1993) and Bhalla (1988) noted
that an observed inverse relationship between land
MVP or AVP and farm size can depend on the par-
tition of farms into different strata (i.e., the definition
of stratum cut-off points). To test the robustness of
our finding, we specified the following function qua-
dratic in land:

MVP (land; labor) = S, + B,LAND
+ B,LANDSQUARED + pS,EROSION
+ pB,FERTSHARE + B:SHAREHVC
+ PBgNORTHWEST + u (6)

Table 4.4 shows the regression results for Equation
6. They confirm the inverse relationship between
farm size (LAND) and the MVP of land, and the
positive relationship for the MVP of labor. The rela-
tionships are U-shaped. EROSION has a strong nega-
tive effect on land, and also on labor productivity
(though not significant). Application of fertilizer and
organic matter improves land productivity but not
labor productivity; this is normal, as fertilizer is land-
replacing, not labor-replacing, in this farming sys-
tem.

Figure 4.1 shows the MVPs of land and labor, and
compares them with factor prices - the market wage
rate and the land rental rate. Observe that the smallest
farms apply labor until the labor MVP is only a
fraction of the market wage, going from about one-
third of the wage (for the smallest farms) to about
two-thirds for the largest farms. This implies a lower
opportunity cost of labor on smallholder farms than
that reflected in the agricultural wage, probably be-
cause of constraints on access to that labor market as
well as nonagricultural employment opportunities.

By contrast, the land MVP is much higher for the
smaller farms than land rental rates (proxy for market
price of land), indicating constraints on access to
land. The land MVP and the rental rate are much

Table 4.3 shows average and marginal value prod:loser on larger farms, but still indicate land scarcity.
ucts of land and labor (calculated taking into accounThese results are similar to those found by Carter and
direct effects and interaction effects). The averagdViebe (1990) for labor and capital on wheat farms in
and marginal value products of land (respectivelyKenya.
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Table 4.3. Marginal and Average Factor Products

Labor Land
Farm Size (terciles) MVP AVP MVP AVP
<.58 ha 38.3 64.2 25.2 74.4
.59-1.45 ha 46.8 76.8 20.6 42.1
>1.45 67.5 95.7 9.0 26.1
Total 52.5 81.6 17.5 47.4
Factor Price 100 7.5

Source: Estimated with MINAGRI/DSA survey data, 1990.

The Marginal Value Product (MVP) and the Average Value Product (AVP) of labor are expressed in RF/person-
days.

Factor prices (wage of labor and rental price of land) were derived from the data. The wage rate is for one day of
labor. They are median values.

Table 4.4. Regression of Marginal Value Products of Land and Labor on Farm Size and
Farm Characteristics

MVP of Land MVP of Labor

Variables Coefficient Std Error Coefficient Std. Error
LAND -10,423.1"* (969.5) 19.71* (7.11)
LAND? 905.4™* (133.2) -1.98" (0.98)
EROSION -746.5™" (122.5) -1.23 (0.90)
FERTSHARE 542" (19.4) 0.04 (0.14)
SHAREHVC 22,086.0"** (2901.1) 41.76" (21.28)
NRTHWEST 11,082.6™" (1730.9) 37.88™ (12.70)
Constant 19,225.2"* (2128.9) 14.86 (15.62)
Adj. R2 0.23 0.02

Estimated from MINAGRI/DSA survey data, 1990.

™ significant at 1 percent;
™ significant at 5 percent;
" significant at 10 percent.
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Figure 4.1 Marginal Value Product of
Land and Labor by Farm Size
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Source: Computed from MINAGRI/DSA survey data,

1990.

Table 4.6 shows that as the share of high value
crops and improved input use (FERTSHARE) in-
crease from the average, the erosion impact on the
land MVP can fall to as low as 19 percent, and when
there are both a low share of high-value crops and
low FERTSHARE, the loss from erosion can be as
high as 36 percent. These latter types of farmers have
the greatest combination of incentives to invest in
erosion control infrastructure. As smaller farms do
not have more eroded soils on average than larger
farms, the erosion effect does not offset the inverse
relationship between yield and farm size, as hypoth-
esized.

Table 4.6. Marginal Value Product of
Land and Labor
Change from Low
to High EROSION

Moving from

We then control for farm size and vary each of the Low to High ~ MVP of Labor  MVP of Land
key conditioning variables (holding the others fixed) EROSION (% change) (% change)
to see how marginal impacts change. The results area ow SHAREHVC -20 -36
shown in Tables 4.5 through 4.9

First, when erosion increases from 1 to 8 tons per
hectare (the average is 4.55 tons per hectare), Table
4.5 shows that the MVP of labor decreases by 14 per-

cent. Furthermore, the land MVP decreases 2depér

Table 4.5. Marginal Value Product of
Land and Labor

One Conditioning Factor Varied While
Others Held Constant

MVP of Labor MVP of Land
(% change) (% change)

Moving from...

Small to
Large Farms

Low to
High Erosion

Low to High
FERTSHARE

Low to High
Share of High
Value Crops

Low to High
Soil Conservation
Investment

38

-14

34

-36

-21

15

49

25

Source: Computed from MINAGRI/DSA survey data,

1990.
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Low FERTSHARE

Low SHAREHVC -22 -32
High FERTSHARE

High SHAREHVC -15 -22
Low FERTSHARE
High SHAREHVC -14 -19

High FERTSHARE

Second, increasing soil conservation investment on-
farm (here, meters per hectare of soil conservation
infrastructure) from 345 to 673 (the average is 477
meters per hectare) increases the land MVP by 25
percent and labor MVP by 4 percent. Table 4.9 shows
that when comparing over farms using the criteria of
erosion and FERTSHARE (holding all else constant),
the farms that benefit most (and logically so) are
those with high erosion and low FERTSHARE (with
a 26 percent increase in land MVP); those that benefit
least are those with low erosion and high
FERTSHARE (only 18 percent).

Also in Table 4.9, comparing share of high-value
crops in output and FERTSHARE, we find that those
with the lowest share of high-value crops but low



FERTSHARE stand to gain the most — 30 percentlabor MVP increases by 30 percent and land MVP by
Two forces are at play here; lower value crops pro50 percent. These cash crops improve smallholder
vide a lower payoff perextra-kilogram produced thanncomes. Table 4.8 shows that the gain from shifting

do high-value crops, but the latter tend to be crop#o cash crops is clearly highest for those with better
with low C-values, and hence already protect the soifarm conditions, i.e., with low erosion and a high use

Thus the lowest payoff is to households with a highof improved inputs. Those gaining the least have

share of coffee and bananas that already have a higighly eroded soils and use few improved inputs.

FERTSHARE (17 percent). At the bottom of Table

4.9 we similarly find that those farms with the great-

est impact on land productivity of any farms have 1able 4.8. Marginal Value Product of
high erosion and a low share of high-value crops — Land and Labor

33 percent.

Change from Low to
High-Value Crops (bananas/coffee)

Third, Table 4.5 shows that by increasing the shareoying from
of land on which fertilizer or organic matter is applied Low to High ~ MVP of Labor MVP of Land
from 40 percent to 90 percent (the average is 67SHARE (% change) (% change)
percent), the labor MVP increases by 4 percent andLow EROSION 39 58

land MVP by 15 percent.

Table 4.7 shows that with high erosion and a high

Low FERTSHARE

Low SHAREHVC 49 92
High FERTSHARE

share of high-value crops, the gain to land MVP can

be as high as 33 percent. These types of farmers hav

High EROSION 29 39
Eow FERTSHARE

more incentives to use fertilizer and organic matter;

with low erosion and a low share of high-value crops,

the gain can be as little as 11 percent.

High EROSION 42 67
High FERTSHARE

Fourth, increasing the share of farm output from

high-value cash crops (bananas or coffee) from 16

percent to 54 percent (the average is 34 percent), tt@ONCLUSIONS

Table 4.7. Marginal Value Product of

Land and Labor

Change from Low
to High FERTSHARE

Moving from

Low to High MVP of Labor MVP of Land

This chapter tested the hypotheses that small farms
have better land productivity than larger farms; soil
erosion strongly reduces land productivity; and soil
conservation investments strongly improve land pro-
ductivity. If smaller farms had more eroded soils than
larger farms, the effects of erosion would be to dimin-
ish any gains in productivity obtained through greater
intensification. However, we find that smaller farms
do not have more eroded soils (in the short- to me-
dium-term at least) than larger farms, because they
use more soil conservation measures. We found four

First, we found a strong inverse relationship be-
tween farm size and average and marginal land pro-
ductivity, with the opposite being true for labor pro-

FERTSHARE (% change) (% change)

Low EROSION 3 11

Low SHAREHVC sets of key results.
Low EROSION 11 27

High SHAREHVC

High EROSION 4 16

Low SHAREHVC

High EROSION 9 33

High SHAREHVC
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ductivity. For smaller farms, the marginal value
product of land is above the rental price of land,



Second, land productivity on very eroded farms is

Table 4.9. Marginal Value Product of 21 percent lower than on farms with little erosion.
Land and Labor The most extreme case is for farms with a low share
Change from Low to High of high-value cash crops (bananas and coffee) and a
Soil Conservation Investment low share of cultivated area on which fertilizer or
Moving from organic matter has been applied. The loss of produc-
Low to High MVP of Labor  MVP of Land ivi n th farms i rcen
SCI (% change) (% change) tivity on these farms is 36 percent.
Low EROSION 1.3 20 Third, on average, farms with a relatively high
Low FERTSHARE level of soil conservation investments have 25 per-
Low EROSION 1.2 18 cent greater land productivity than those with few of
High FERTSHARE these investments. The biggest gainers from such
High EROSION 15 26 investments are farms with a high share of low-value
Low FERTSHARE crops (food crops, annuals) and high erosion; they
High EROSION 1.4 23 gain 33 percent (relative to the average). Those that
High FERTSHARE gain the least are households with a high share of
perennial cash crops and low erosion.
Low SHAREHVC 1.6 30 Fourth, increasing the share of farm output coming
Low FERTSHARE from high-value cash crops (bananas or coffee)
Low SHAREHVC 16 26 strongly benefits the incomes of smallholders, with
High FERTSHARE land productivity increasing by 50 percent. The yield
High SHAREHVC 12 19 gains from shifting to cash crops are clearly highest
Low FERTSHARE for those with better farm conditions, i.e., those with
High SHAREHVC 1.2 17 low erosion and high use of fertilizer and organic
High FERTSHARE matter
Low EROSION 15 94 There appear§ to be a degree of supstltutablllty
Low SHARHVC between perennial cash cropping and soil conserva-
Low EROSION 11 16 tion |nv.estments.. But the catch is that getting a str_ong
Low SHARHVC farm yield and income effect from cash cropping
Low EROSION 18 33 requires that the land be less eroded to' begin vvllt.h,
Low SHARHVC and that farmers be able to use substantial quantities
High EROSION 13 20 of improved inputs (fertilizer and organic matter).

High SHAREHVC Many small farms already have quite eroded soils,

and this erosion has a very harmful effect on land
productivity, reducing yields up to one-third. Thus,
general programs and policy efforts which encourage

imolving fact ineffici q traint and enable farmers to make soil conservation invest-
IMPyIng tactor use inetliciency and constraints on o i il yield significant returns in productivity.

land market access. By contrast, for larger farms the

value product and rental price are nearly equal. The Though small farms tend to use land more effi-
findings for labor were the inverse: the marginalciently than larger farms, the productivity of smaller
value product of labor for smaller farms was wellfarms is constrained by constrained land markets.
below the market wage, while they were near|y equaThiS implies that attention to reform of land markets
for larger farms. This implies that there are condis needed, particularly in areas where farms are small
straints on access to labor market opportunities foand land is scarce.

the smaller farm households.
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5. Long-Term Productivity Change

The previous chapter examined what cross-sectiotihe investments pay off and improve productivity; in
survey data on production, input use, and capitabther cases, fields with conservation investments
investment show concerning the determinants of procontinue to decline, either because the investments
ductivity in Rwanda. This chapter examines the samare not accompanied by increased use of improved
guestion from a different perspective. Here we exinputs and fallow, or because the investments are too
amine results from the 1991 agroforestry surveysmall to redress years of decline from overuse, steep
where farmers were asked what long-term changedopes, and other causes.

they had observed in land productivity and fertility, Findings are similar for the use of organic and
and what they thought drove these changes. The

_purchased inputs; on fields that showed no change in

chapter starts with a discussion of the patterns 'Broductivity, fewer inputs were used. Organic input

reported productivity change, then focuses on th(za;lpplication was highest in fields that are improving

observed determinants of reported change in acCrosgr . tme — improvements that may result from
section analysis. input use. Conversely, fertilizer and lime are most
commonly placed on fields that have shown a long-
PATTERNS OF LONG-TERM CHANGES term decline.

IN PRODUCTIVITY

Also, as Figure 5.1 shows, purchased inputs are

used 86.5 percent of the time, along with soil conser-

In the 1991 agroforestry survey conducted by th‘?/ation investments and organic inputs. Hence fertil-
DSA, farmers were asked what changes they hage onq |ime are rarely used alone; farmers may add
observed over time in the productivity of each plot ONhem when the effects of the other measures are

their farm. They were firgt asked whether they ha_cfudged inadequate. Moreover, farmers may find that
observed change (either improvement or decline) in

the productivity of their soil since first having culti-
vated the plot. Then they were asked whether the
change was small, moderate, or large. Thus, our mea-
sure of change in soil productivity is a seven-point

Table 5.1. Farm Holdings by Level of
Productivity Change Reported
by Farm Operators

scale from “large decline” to “large improvement.” Reported Level of Land Area
Table 5.1 reports a decline in productivity on 48.7_S0ll Productivity Change (%) N =
percent of the cropland, 37.5 percent showed no Large Decline 21.5 1,203
change, and improvement was reported for only 13.8 \,oqerate Decline 13.3 745
percent. . .
Slight Decline 13.9 777
What determines these changes? Soil conservationyg change 37.5 2.101

investments such as terraces and hedgerows are found .
. . . Slight Improvement 4.5 253
as often (about 84 percent of the time) in holdings

that have improved in productivity as they do in Moderateimprovement 5.8 322
holdings that have declined (see Table 5.2). Holdings Large Improvement 3.5 194
that have shown no change are less likely to have Total 100.0 5,699

received conservation investments. This may mean

that farmers do not adopt conservation practices unsource: Computed from MINAGRI/DSA household
less they see a decline in productivity. In some casesurvey data, 1989.
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fertilizer and lime work best along with organic in-
puts, and soil conservation investments help preve
these inputs from washing off during heavy rains.

Table 5.2 also indicates that land use and observeghe apove findings suggest that soil conservation
change in soil productivity are unrelated. Declininginyestments and fertility-enhancing inputs, at least as
productivity occurs both on fields with high C—valuescum_:.nﬂy practiced by Rwandan farmers, provide no
(usually annual crops) as well as on fields planted igyuarantee of longer-term sustainability. There are
more protective perennial crops. To better underpg|dings that receive investments and inputs of all
stand why erosivity of land use and productivitytypes yet continue to decline. Yet there are other
decline show no association, we return to this finding}]mdingS that show long-term improvement in pro-

in our discussion of Ordinary Least Square (OLS)jyctivity with no conservation investments or inputs
results in a later section of this chapter. at all.

n(EOMPARISON OF IMPROVING AND
DECLINING HOLDINGS

Table 5.2. Change in Soil Productivity by Conservation
Investments, Use of Inputs, and Land Use

Change in Soil Productivity

Independent Variable Declining No Change Improving Total

Conservation Investments

No Investments 16.0 36.9 15.9 23.8
Investments 84.0 63.1 84.1 76.2
Gamma -0.24
Significance < 0.01

Use of Organic Inputs

Not Used 24.4 44.0 15.6 30.5
Used 75.6 56.0 84.4 69.5
Gamma -0.12
Significance 0.03

Use of Purchased Inputs

Not Used 92.9 97.3 96.6 95.1
Used 7.1 2.7 3.4 4.9
Gamma -0.38
Significance < 0.01

Land Use (C-values)

.0000 - .1000 15.2 23.1 13.4 17.9
.1001 - .1800 50.2 39.4 48.3 45.9
.1801 - .2300 20.1 20.8 26.2 21.2
.2301+ 14.5 16.7 12.1 15.0
Significance 0.85
Gamma 0.00

Source: Computed from MINAGRI/DSA household survey data, 1989.
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Figure 5.1. Use of Purchased Inputs With ings are reported to have declined in productivity but
and Without Other Investments/Inputs 18.8 percent actually improved. Relative to declining
fields, improving fields tend to: (a) be in flat valley
bottoms (and fields with declining productivity in
more sloped land). Fields in the valley bottoms prob-
6.6% ably benefit from silt and fertilizer run-off from sur-
rounding slopes; (b) be farther from the residence;
(c) have been cultivated for fewer years; (d) be in
areas of lower rainfall; and (e) be on larger farms
86.5% (with more fallow).

B

Thus, Table 5.3 shows that conservation strategies
adopted by farmers are many and varied, and their

Logend effectiveness depends on where farmers live, the
[] No Conservation Investments or Organic. Inpuls Used physical characteristics of their holdings, and the
(] Ether Conservation Investments or Organic Inputs Used households’ socioeconomic characteristics.
[] Both Conservation investments and Organic Inputs Usad

The table’s comparison of extremes (those with

Source: Computed from MINAGRI/DSA household ~ anti-erosion investments and improved input appli-
survey data, 1989. cation, versus those with neither) highlights the dif-

Table 5.3 gives us a clue as to why some of thesfeerences between what can be called the traditional

seemingly anomalous cases exist. Physical Charagpproach to land management and an approach that

teristics of the holdings, combined with household—has evolved in response to social, economic, and

level differences, are crucial to understanding theeCOIOQ'Cal exigencies. The key to the traditional ap-

conditions under which productivity will improve or pro.ach was getting more land N e>.<tenS|.f|cat|o.n. _
decline over time which enabled farmers to maintain soil fertility

through longer fallows. This has nearly disappeared
Columns 1 and 2 show some of the physical angh Rwanda, except in low-rainfall areas, particularly
household characteristics of parcels that have ren the eastern plateau where farms are larger and
ceived both conservation investments and organigounger, and where slopes are not as steep. Conser-
inputs. Holdings in column 1 have improved, whilevation investments and fertility-enhancing inputs are
holdings in column 2 have declined, despite farmefhow a necessity for most Rwandan farmers. But not all
investments. Comparison of these columns showgrmers can make these investments, at least not enough

that physical differences between improving ando reverse the long-term decline in productivity.
declining parcels are as expected, but are not large.

. . In addition, soil conservation investments and im-
Declining parcels are slightly steeper, have been

cultivated longer, and are in higher rainfall areas!Oroved inputs are necessary but not sufficient for

The more important differences are socioeconomicl.ong'term improvement in_ productivity. The latter

Among holdings that receive conservation invest—has come to depend additionally on the integration of

ments and organic inputs, those that have improvelcljveStOCk into the farming system and a source of off-

. ._farm income. The importance of livestock and off-
over time are on farms that have much more live-

stock and off-farm income (compared to farms withfarr_n income .for |mproved. Iongjterm productlv.lty
. . varies according to farm size. Livestock have little
declining quality of plots).

impact on reported changes in productivity for farms

Columns 7 and 8 show the opposite end of then the smallest quartile of farms (see Table 5.4). As
spectrum — plots that receive no conservation infarms grow, so does the importance of livestock to
vestments and no organic inputs. Most of these holdncreasing productivity. Among the largest quartile,
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Table 5.3. Comparison of Parcels (Weighted by Size) According to Presence of Anti-
Erosion Investments, Use of Oganic Fertilizer, and Farmer Observations

of Change in Productivity Over Time

Anti-Erosion Investments No Anti-Erosion Investments
Organic Fertilizer No Organic Fertilizer Organic Fertilizer No Organic Fertilizer

Independent Variables Improving Declining Improving Declining Improving Declining Improving Declining Total

@ € @3) @) ®  © ) ®)
Slope 18.20 18.6 14.7 18 9.2 15.3 3.7 18.1 17.8
Location on Slope 2.81 2.93 2.99 3 3.19 3.37 4.45 3.42 3.01
Distance from 2.60 2.6 23.3 12.3 14.3 5.2 39.1 19.7 6.4
Household
Years of Cultivation 21.60 26.1 18.3 23.4 13.7 23.9 9.6 19.5 23.7
Rainfall (mm) 968 1,150 945 1,088 926 1,239 800 1,268 1,112
Land Tenure 5.70 2 5.8 16.9 5.8 1.5 12.1 17.9 8
(% Leased by HH)
Total Holdings 182 156 124 127 111 118 220 167 157
Owned by HH
Percent of HH 0.14 0.14 0.13 0.2 0.11 0.24 0.42 0.27 0.16
holdings in fallow
HH Livestock 35,009 21,528 9,012 17,033 12,629 18,050 10,670 14,101 22,038
Ownership (RF)
Household Off-farm 41,623 16,708 18,707 9,305 22,135 9,499 13,938 10,497 19,396
Income (RF)
Purchased Inputs 4.20 9.20 0.00 0.00 1.60 6.30 0.10 2.60 6.30
(% with)
HH Prod. for 33,617 30,031 34,505 25,014 35,741 23,706 11,720 27,583 29,446
Home Consump (RF)
Household Labor 3.56 3.34 2.74 2.8 2.61 2.85 2.98 3.02 3.25
Knowledge of 2.72 2.29 3.29 2.5 3.57 2.25 0.91 2.26 2.39
Prod Techniques
Number of cases 594 1,915 53 375 56 146 67 289 3,495

holdings that are improving are located on farms withmanure to the soil. This is because farmers with more
36 percent more livestock than is the case for holdand are able to graze their livestock on their own
ings that are declining. fallow lands, thereby returning nutrients directly to
Why does the presence of livestock enhance prdhe soil. By contrast, the absence of fallow land on
ductivity more for larger farms than smaller ones?he smaller farms requires manual transportation and
There are two interrelated reasons. The first is thadistribution of animal manure. Sometimes livestock
the ratio of livestock-to-land increases slightly withare permanently stabled in Rwanda, which eases the
farm size.The largest quartile of farmers own pér-  collection of manure, but more often, smallholders
cent more livestock per hectare than the smalleghust graze their animals along roadsides and on
quartile. The second is that larger landholders magther public and private lands. Manure collection
be more effective than small ones at returning animdrom these more distant locations for application on
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thus permitting them to maintain some of the less
intensive traditional practices for improving produc-
tivity, such as fallowing.

Table 5.4. Value of Household
Livestock and Off-Farm Income
Size and Farmer Observations of Change

in Productivity Over Time

POPULATION GROWTH,

Farm Size Household  Household LANDHOLDING. AND CHANGES
Quartile & Livestock  Off-Farm X

Productivity Value Income N = IN PRODUCTIVITY

Change (RF) (RF)

The impact of demographically-induced land scar-
Low Quartile city on long-term agricultural sustainability is a ma-

Improving 5,457 15,695 153 . .

Declining 5 680 6 246 686 jor concern for Rwandan policy-makers and farm
2nd Quartile families who have seen their holdings shrink with
Improving 11,432 21,399 173 each successive generation. Though fertility rates in
Declining 12,918 6,955 661 Rwanda appear to have turned the corner during the
3rd Quartile past decade and are now slowly declining, basic
Improving 25,910 14,794 190 principles of population growth ensure that the
Declining 19,322 15,587 754 , . . .

High Quartile county’s population will continue to grow for many
Improving 59 019 74 677 253 years. Conservative growth estimates suggest that
Declining 43,799 30,852 624 Rwanda’s population will double in 20 to 30 years.

Figure 5.2. Off-Farm Income Ratio for
Holdings with Improving vs.
Declining Productivity

Source: Computed from MINAGRI/DSA household
survey data, 1989.

the farm is uncommon. In time, however, Rwandans
may come to adopt this practice, as it is done in
densely populated areas of Asia. There is little public
land (commons) set aside specifically for grazing
livestock in Rwanda. The commons, along with pri-
vate pasture have all but disappeared over the past
two decades. Public lands along paved roads and
other public areas remain, but are small and inacces-
sible to most farmers.

w
&

@

- N
(2] N (2

-

Off-farm Income Ratio

By contrast, off-farm income tends to improve long-
term productivity for both smaller and larger holders,
but less so for those in the third quartile (see Figure
5.2). Further analysis (not shown in the tables) sug- Low%uume 2nd Quartie drdQuartle  High Quartle
gests that larger landholders strongly tend to invest Farm Size Quartlle (Cultivable Land)
off-farm income in livestock and fertilizer, unlike o ) ) )

. Note: This figure compares improving holdings
smallholders. Among larger farmers, there is a strongith declining holdings in terms of the off-farm
correlation between off-farm income and both live- incomes earned by households operating the
stock ownership and fertilizer use. But among holdings. The comparison is shown as a ratio
smallholders no such correlation is found. For (improving over declining) and isreported for

. ] O farm-size quartiles.
smallholders, off-farm income is apparently impor-
tant to improved productivity for other reasons, per-Source: Computed from MINAGRI/DSA household
haps because the cash can be used to purchase fosudrvey data, 1989.

o
(2]
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Population pressure affects soil productivity indi-over time, can cause flood damage and destruction of
rectly, principally through its effect on the structurelowland crops (Clay and Lewis 1990).
of landholding — the physical and social properties

i ’ ] i ) In summary, though farm size, fragmentation/dis-
that define farmers’ relationship with their land. We

¢ five k : ; hvsical persion, fragility, years of operation, and tenure are
ocgsl on |t\1/e iy propert(;es d_ our h¥5|ca, oned_ifferent dimensions of the structure of landholding

socia o that change un e'r en,"ogra'?’ Ic pregsur?n Rwanda, they are closely associated in that they all
farm size, farm fragmentation/dispersion, fragility are driven in large part by demographic pressures. In

(slope), years of cultivation, and land tenure (use¥ecent decades, population growth has meant greater

ownership rights). As discussed in Chapter 2, farrr|1and scarcity. In turn, farmers must now feed their
sizes are decreasing, while fragmentation, fragllltyfamilies from smaller holdings than those operated
the age of farms, and land rental are all mcreasmqjy their parents. And they must cultivate slopes once
Here we ask how these changes affect Iong'terrﬂwought to be too steep and fragile to farm. The

trends in land productivity, as well as hOW_ thesedisappearance of virgin holdings means a rise in the
trends affect the farmers’ land use strategies and . .
) ) i . . average age of holdings, and, for those landholdings
investments in soil conservation and inputs use.

under the greatest pressure, their holdings must be
Though some of these demographically-inducedgupplemented by renting small, distant parcels from

changes in the structure of landholding have beenthers (usually through seasonal payments either in

amply demonstrated in previous research, others agash or in kind).

as yet untested hypotheses. We do know that steadily

rising demographic pressure has reduced the avera%eE

farm holding in Rwanda by 12 percent over a perio TERMINANTS OF PRODUCTIVITY

of just five years (DSA 1991), and farmers are ﬁnd'SPl-IIE%I\IIFCI;(EiATTCE)(lfIREASI\SI:;)NRESULTS

ing it increasingly necessary to piece together hold-

ings by renting parcels of land. Indeed, in 1991T ine the determinants of productivity ch
Rwandan farmers rented-in 7.83 percent of their op—O examine fhe determinants of productivity change,

erational holdings compared to only 5.37 in 1983 _the cross-section regressions specified in Table 5.5

a 57 percent increase over eight years. In comparinvé'ere estimated using stepwise OLS. In the first step,

, . . measures of land management, such as conservation
land tenure among Rwanda’s farm size quartiles, we

) . . . investments and use of inputs, were introduced. In
also find that the lowest quartile rents-in twice ash dst introduced hio rights. f
much land (in terms of share of holding) as those il’ti_e se;conll.ts ep (\;\Iet': rok ucet ov;/nersfula ”gh si;j.arm
the highest quartile. Households under the most se-2° "adiity, and other key structure-ot-landholding
. variables to assess their impact independent of con-
vere land constraints are compelled to meet their tion i ; ts. The third st rolled §
needs through lease agreements, servation investments. The third step controlied for
the range of exogenous variables described earlier.
Similarly, land scarcity has compelled farmers toThey are grouped into the following four categories:
cultivate fragile, steep-slope holdings. In Rwanda’'shousehold wealth, demographic characteristics, macro-

fertile northwestern region, where the potential foreconomic variables, and agroclimatic variables.
agricultural productivity is high, the expansion of ) ) )
agriculture onto marginal lands is already resulting in R€9ression results are reported in Table 5.5. Appli-

serious slope failures (slumps and Iandslidesfat'on of organic inputs is the only land management

(Nyamulinda 1988). The increase in degradation OIrl)ractice that positively significantly affects long-term

hill slopes will eventually lead to excessive deposi-MProvement in soil productivity. The use of pur-
tion in the valley bottoms — conditions now reportedchased inputs shows a small but significant negative

to be common in Burundi (Mathieu 1987) and WhiCh’correlation with productivity change. This finding
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Table 5.5. Optimal Least Square Stepwise Regressions — Structure of
Landholding and Change in Land Productivity

Change in Land Productivity

Independent Variables Step 1 Step 2 Step 3

A.Land Management

Conservation investments -.02 .00 .02
Organic inputs .09** L14*x* L14*x*
Purchased inputs-.05** -.05** -.07* -.04*
Land use (C-value index)-.00 -.00 .02 .00
Share of of holdings under fallow .01 .00 .02

B. Structure of Landholding

Ownership rights (1=own, 2=lease) -.02 -.05**
Size of landholdings .11** .03
Distance from residence L11x* 10**
Size of parcel .07** .01
Slope (degrees) -.15** -.04*
Location on slope (1=summit, 5=valley) -.03 .00
Years operated -.20%* - 23**

C. Exogenous Variables

Household Wealth

Value of livestock .09**
Non-farmincome .02
Value of agricultural production -.03

Demographic Characteristics

Number of adults (aged 15-65) -.00
Dependency ratio .02
Literacy of household head (0=no 1l=yes) .08**
Knowledge of conserv/prod technologies .09**
Age of head of household (years) L11x*
Macro-economic
Agricultural profitability index .08**
Mean agricultural wage in prefecture -.04
Mean non-agricultural wage in pref. .13**
Price variation (1986-92) .09**
Agro-climatic
Mean annualrainfall -.10**
R2 .01 .00 .02

*Sig T £0.05 ** Sig T< 0.01

Source: Computed from MINAGRI/DSA household survey data, 1989.
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reflects the short-lived impact of purchased inputs, In short, the structure of landholding affects pro-
and the observation made in the preceding sectioductivity changes. As expected, fields on steeper
that Rwandan farmers tend to apply these inputslopes, that are older, and that are rented, are more
possibly as a last resort, on fields that have declinelikely to be declining in productivity. Fields nearer

in productivity despite conservation investments andhe residence also tend to be declining in productiv-
the use of organic inputs. ity, probably because they are cultivated more inten-
sively. Though farm size is important at step 2 (land-

Conservation investments and land use practices

do not show a significant influence on change inhOIdIng structure), its impact disappears at step 3,

productivity in this OLS regression. However, a sub-2"¢€ _the exogenous variables are brought into the
. . . equation.
sequent analysis of variance shows that the interac-
tion effects of conservation investments and slope, Consistent with the findings presented above, pro-
and C-values and slope exert a strong effect on praluctivity is enhanced by holding livestock because of
ductivity changes. In other words, the effect of con-manure use. Off-farm income shows little direct ef-
servation investments and land use emerges only fiect on productivity changes, but, as shown earlier, it
combination with the steepness of the slope. As Fighas an indirect effect, since it is an important source
ure 5.3 demonstrates, for example, conservation iref liquidity for conservation investments and the
vestments have a negative association on gentfgurchase of inputs. Knowledge of conservation in-
slopes, but become increasingly important to producvestments and fertility-enhancing technologies, lit-
tivity changes as the slope increases. Among fields iaracy of the head of household, and age of the head
the steepest slope quartile, productivity is far moref household all contribute to improved productivity
likely to increase when conservation investments arever time.
present.

FARMERS’ PERCEPTIONS OF CAUSES

. . L OF CHANGING PRODUCTIVITY
Figure 5.3. Improvement in Productivity

by Slope and Conservation Investments

For each plot reported to be either improving or
declining in productivity, farmers were asked their
opinions about the primary causes for the change.
The results are shown in Figure 5.4. Sixty percent of
the farmers claimed that their plots are declining in
productivity because they are over-cultivated (be-
yond their prime), or because they are unable to
apply fertility-enhancing inputs to them. Few respon-
dents (subjectively) attributed declining productivity
to soil erosion, unless it is on very steep slopes and,
we surmise, unless it is visible. However, earlier
analyses (Chapter 4) showed that soil loss is (objec-
tively) a major factor in productivity loss.

3

B

Land with Cons. Invest.

Improving Prod. (% of Holdings)
5

Land without Cons. Invest.

Obdogmor  iBdegress  1628degross 26+ dogrooe As the primary reason for productivity improve-

Slope Quartile ment, 70 percent of the respondents specified the
application of fertility-enhancing inputs. Use of fal-

Source: Computed from MINAGRI/DSA household Iow in the rotgt!on is mentioned gs a. distant second.
survey data, 1989. It is not surprising that conservation investments are
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Figure 5.4. Farmer Opinions about

Causes of Changing Productivity CONCLUSIONS

Farmers report that on nearly half of the cultivated

land there has been a long-term decline in yields.
Other 16.6% Dissares H.4% Fallow 18.9% g y

Cons. Agricultural productivity has been harmed to the

Inveat . .

6.5% extent that population pressure has resulted in
m m Less stable land use rights, i.e., land rental rather

than ownership;

m Expanded use of fragile lands on steep slopes;

and
o ot . .
60.6% 68.4% m Longer periods of use (shorter fallow periods).
Declining Parcels Improving Parcels The findings also show that the presence of live-

stock on the farm and off-farm earnings, for both the
largest and smallest holders, leads to improved pro-
ductivity. Soil conservation investments on steep
slopes, as well as farmer education (both for literacy
and productivity/conservation techniques) also have
|gn|f|cant payoff.

Source: Computed from MINAGRI/DSA household
survey data, 1989.

rarely seen as the cause of improved product|V|tyé
since in Rwanda their usual purpose is to help arrest
the decline by slowing soil loss. Improving produc- Most farmers perceive overuse of land as the vil-
tivity requires a biological, nitrogen-fixing change. lain in the productivity decline, and use of organic
Some types of conservation investment, notablyand purchased inputs as the way to reverse the trend.
agroforestry practices, such as the planting of livingSoil conservation investments are also seen as neces-
fences that produce green manure, can contribute #ary to help arrest the decline, but not sufficient to
both ways, but are rare in Rwanda. lead to improvement.
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6. Land Use, Conservation
Investments, and Inputs Use

5 and Clay 1989). Chapter 4 of this report shows that

INTRODUCTION erosion severely reduces farm yields.

Problems of poverty, land scarcity, and degradation Hence, farmers have found it imperative to invest

were present in Rwanda before the recent atrocitie§ Sil conservation measures, anti-erosion infrastruc-
of genocide and civil war, and they are equally apiureé such as grass strips, anti-erosion ditches,
parent today. Smallholders are still poor, degradatioR®dgerows, and radical terraces. Three-quarters of
has continued, and, we surmise, food security is ¢ DSA surveyed households have one or more of
great a problem as ever. This chapter focuses on hofieseé improvements in their fields, though across
smallholders are trying to meet this challenge ofiouseholds there is great variability in investment

agricultural decline, and what determines their in€er hectare.
vestments in sustainable intensification of farming. |5 her seminal work, Boserup (1965) outlined a

Historically, Rwandan farmers settled along theNumber of technology and investment paths to agri-
upper ridges of their hillsides, where soils were mor&ultural intensification that farmers follow in the wake
fertile and cultivation was a simpler task than it was°f increased land constraints and demand for land —
farther down on the steeper slopes and in the marstgpnditions that result from population growth, in-
valleys (Nwafor 1979). But in recent decades, rapid:reased demand for agricultural products, or reduced

, 1987).
m Farm holdings have become smaller due to con-

straints on land availability; To set the stage for our subsequent discussion, we

distill and stylize from her work two broad paths. The

first we refer to adabor-led intensification: This is

m Farmers cultivate fragile margins on steep slopewhere farmers merely add (unaugmented) labor to
previously held in pasture and woodlot; the production process on a given unit of land, allow-

ing them to crop more densely, weed and harvest

more assiduously, and so on.

m Holdings are more fragmented,;

m Many households, particularly those owning little
land or with large families, rent land; and

. . The second iscapital-led intensification, which
m Fallow periods have become shorter, with longer_ . e . .
o ; entails the use of “capital,” broadly defined to in-
cultivation periods.

clude nonlabor variable inputs as well as fixed and
Consequences of more intensive farming and farmguasi-fixed capital (e.g., where farmers augment their
ing on steep slopes are declining fertility and the highabor with fertilizer and organic matter), and capital
incidence of soil loss due to erosion. Rwanda’s Nathat helps land improvement. Boserup identified the
tional Agricultural Commission (CNA 1992) esti- second path as having higher land productivity than
mates that half the country’s farmland suffers fromthe former, citing examples of chemical fertilizer
moderate to severe erosion. Farmers report that thiwmbined with “other means of fertilization” (which
productivity of nearly half their holdings has de- we take to mean organic matter), tractors for contour
clined in recent years from degradation (see Chaptgiowing, and similar land improvements (pp. 113-
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114). She also noted that “[bJoth mechanized equipin particular agroclimatic zones and policy contexts
ment and chemical inputs are likely to be used aface incentives (such as relative prices) and condi-
land-saving devices in cases where population intions (such as access to markets or new technologies)
crease and attractive prices stimulate to more interfor following one or the other intensification path.

sive use of land..” Hence, she envisioned both the . . .

h of d hi dth Il of poli For example, Pingali et al. (1987) examined how
puz 0 keinfogt[ap Ic pressure and the pull of po '®Yosts and returns to intensification by use of animal
and market factors. traction can be categorized according to economic

Empirical research on production intensification inand physical characteristics of agroclimatic zones.
Africa has illustrated the two intensification pathsSmith et al. (1993) and Freeman (1994) examined the
initially described by Boserup, and here termed theature of intensification in maize production at loca-
labor- and capital-led paths. Several studies havtons with differential access to infrastructure, tech-
categorized the agricultural systems in certain renology, and prices.

ions wher mographic pr re h hed farm- . . . .
glons ) © e'de ographic pressure has pushed fa Much less empirical research, especially in Africa,
ers to intensify along these paths. Matlon and Sperh- . I

. . as addressed the issue of what specifically deter-
cer (1984) noted that the capital-led path is more . .
. . . mines the path taken by particular groups of farm
sustainable and productive in fragile, resource—pooig'1 :
. . fouseholds. Unanswered are the questions of whether
areas. Lele and Stone (1989) categorized a variety 0 . . .
L . : . and why particular types of households, situated in
agroclimatic and policy settings in terms of these two . - . .
. . . Plven agroclimatic and policy contexts, and facing
paths, focusing especially on the need for the capital~. ., . . . i ;
) . , similar incentives to intensify, take the labor- or capi-
led path (which they termed “policy-led”). They

. X I-led intensificati th. ifically, th h
maintained that the labor-led path (which they terme al-led me_ stiication pa_ Specifically, there ave_

B Y een relatively few studies that analyze the determi-
the “autonomous model”) had not led to land produc-

s . . . nants of smallholder investments in soil conservation
tivity growth in Sub-Saharan Africa, and that policy- . . . .

: e . capital and the use of improved inputs, such as fertil-

led intensification was needed so that land quality . i . .

o o izer and organic matter, in settings of rapid popula-

and productivity would be maintained and even en-. . .

hanced as crooping was intensified tion growth and degradation. Recent exceptions are

PP g- _ ' Place and Hazell (1993), who focused on the effects

In much of the African tropics, the labor-led pathf |and tenure on land improvements in Rwanda, and

to intensification is unsustainable, and leads to langopez-pPereira et al. (1994), who studied the same
degradation and stagnation of land productivityeffects for the hillsides of Honduras.

(Matlon and Spencer 1984). This danger is at its ) ) )

maximum in the East African highland tropics, which We address this gap in res'earfzh using farm survey
are characterized by heavy rainfall and steep slopeg?ta from R"Va”‘?'?‘- Our contr.|but|on is twofold. First,
In this setting, the capital-led path of intensificationf’ve ad_d_ an_ emp|r|call analysis of these two pa_ths of
that incorporates soil conservation investments Witﬁntensmcatlon, focuglng on h.ouseh'o.ld—lgvel (_j'ff_er'
the use of organic matter and fertilizer produce&_nces in the.det(.armlnants of |ntenS|flgat|on Wlth|n a
higher yields that are much more sustainable. B>glven agroclimatic zone (the East African highland

contrast, farm households that follow only the Iabor-tr_Op'(_:S) and policy context (qunda). Se(“:ond, _We
led path in that setting are in for long-run ecologicalhlghllght household-level determinants of “sustain-

degradation and poverty. Hence, the issue of Whaatblelntensmcatlon that have not been usually treated

determines the particular technology and investmen the literature on intensification. More specifically:

paths that households follow is of critical importancem We show the importance of household-level
in the current debate on sustainable agricultural de- intersectoral links — specifically, “reverse link-

velopment. ages,” where nonfarm income affects farm in-
In general, conceptual and empirical work in the  vestment — in enhancing the capacity of house-
tropics has focused on how broad groups of farmers holds to follow the capital-led path.
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m We address the subject of landholding structurénstability, which Feder et al. (1992) termed “confi-
that recent literature (e.g., Place and Hazell 1993)ence in the short term” or from insecurity of land
has brought to center stage. Here we examintenure, hence the risk of appropriation of capital,
the links between demographic pressures, changeghich they termed “confidence in the long term”),
in the structure of landholding, and, in turn, thethe lower the investment for risk-averse farmers
technology paths taken by farmers; and (Newbery and Stiglitz 1981).

m We show the links between the shift to high- Incentive can be great but capacity low, however,
value, perennial, cash crops, and the choice afo income and wealth (in terms of human capital,
the capital-led intensification path. cash, and labor sources) are important general deter-

minants of such investments. In theory, one’s own

In this chapter we describe how soil conservation

investments, fertility-enhancing inputs, and protec_I|qU|d|ty is important to include in the function where

. . . , the credit market is underdeveloped or absent, which
tive land use patterns figure into the farmers’ strate-

gies for land management in Rwanda. Second, ws generally the case for these sorts of investments in

examine inter-household variations in these practicetshe tropical highlands of East Africa.
as a function of plot, household, and the following
regional variables: (a) economic incentives, (b) housdEXPLANATORY VARIABLES AND

hold characteristics, (c) structure of landholding, anddYPOTHESES

(d) ecological attributes of farm plots. Because these

investments require substantial household outlays ofhe above general model explains investment in terms
labor and cash, we approach the subject with aaf the (dis)incentives facing farm households, and
investment/adoption model. the resulting capacity of households to undertake the

investments.
The rest of the chapter proceeds as follows: The

next section discusses our general model. The fol- Table 6.1 shows the regression specification, re-
lowing sections discuss specific variables and ouproduced as follows:

hypotheses, the data used, regression specificationsang Use (C-value, reflecting erosivity) =
patterns in model variables, and regression results. f (A,B,C,D,E) )

Soil conservation investments (m/ha) =
GENERAL MODEL f (A,B,C,D,E) (3
Use of organic inputs = f (A,B,C,D,E) 4
In this section we set out a general model for farm )
investments, which is then broken down in the foI-Use of purchased inputs = f (AB,C,DE) (5)
lowing section into four regression equations for land, The five groups of regressors in Tablei@dlude the
input use, and soil conservation investments unddpllowing: (A) monetary incentives to investgricul-
study. tural profitability, farm wage, nonfarm wage; (®)ysi-
cal incentives toinvest fallow, slope, location on

. ) lope, di f i , plot size, infall;
investment theory (see Christensen 1989, or Feder Sg)pr?skdésftiiczztr:woer:]tgsvsrg?:rﬁe r? Eisszznfgrdorv?/l:)a
al. 1985 and 1992), and model farm-level invest- ’ Prg '

. . years of operation, price variation over the last six
ments as a function of four sets of variables: L .
years; (D) wealth and liquidity sourcedarm size,

We follow the literature on firm- and farm-level

Investment = f( (1) net financial returns, nonfarm income, livestock value, crop output value;
(2) physical returns, (3) riskiness, and (E) other household characteristicadults, depen-
(4) wealth and cash sources ) (1) dency ratio, literacy of head, knowledge of conserva-

In general, the better the return to the activity fortion practices, age of head. Some variables are classed
which the investment is made, the greater the invesfor simplicity as either incentive or capacity vari-
ment. The greater the risk (from price and rainfallables, but are actually both (such as farm size).
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Table 6.1. Land Use/Conservation Investments/Inputs Model Variables*

Level of
Overall Coefficient Observation
Model Variables Mean or % of Variation Parcel=5,596

HH=1,240; Pref=10

1. Land Use/Conservation Investments/Inputs

A. Land Use (C-value) 0.16 0.43 Parcel

B. All Conservation Investments (m/ha) 424 1.18 Parcel
Grass Strips (m/ha) 205 1.34 Parcel
Anti-Erosion Ditches (m/ha) 161 1.68 Parcel
Hedgerows (m/ha) 56 2.86 Parcel
Radical Terraces (m/ha) 1.17 25.20 Parcel

C. Organic Inputs (% using) 69.5% - Parcel

D. Purchased Inputs (% using) 4.9% - Parcel

2. Independent Variables

A. Monetary Incentive to Invest
Agricultural Profitability index 1.00 0.31 Prefecture
Agricultural Wage (140RF = 1$US) 0.16 0.43 Prefecture
Non-Agricultural Wage (140RF = 13$US) 0.16 0.43 Prefecture

B. Physical Incentive to Invest
Share of Operational Holdings under Fallow (ha) 1.47 Parcel
Slope (degrees) 1.17 0.64 Parcel
Location of Slope (1=highest, 5 =lowest) 16.7 0.33 Parcel
Distance from Residence (min. on foot) 3.11 2.14 Parcel
Years Cultivating Parcel 7.41 0.66 Parcel
Size of Parcel (ha) 22.2 1.03 Parcel
Annual Rainfall (mm) 80 0.14 Prefecture

1,214

C. Risk of Investment
Ownership Rights (% leased) -- Parcel
Price Variation (CV of ag prices, 1986-92) 8.0% 0.20 Prefecture

0.25

D. Wealth and Liquidity Sources
Landholdings Owned (ha) 0.95 Household
Non-Farm Income (140RF = 13$US) .83 0.95 Household
Value of Livestock (140RF = 13$US) 11,120 0.95 Household
Value of Agricultral Production (140RF = 1$US) 10,768 0.83 Household

22,150
E.  OtherHousehold Characteristics

Number of Adults (aged 15-65) 0.54 Household
Dependency Ratio (econinactive/econ active) 121 - Household
Literacy of Head of Household (% literate) 50.3% 0.55 Household
Knowledge of Conserv/Prod techniques 3.59 0.33 Household
Age of Head of Household (years) 45

* Summary statistics reported at the parcel level are for all holdings under cultivation or fallow (thus
excluding pasture and woodlot). Parcel-level summary statistics may differ slightly from those aggregated
and reported in other chapters at the household level.

Source: Computed from MINAGRI/DSA household survey data, 1989.
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Net Monetary Incentives to Invest worse than the traditional uses of these slopes (woodlot
and pasture). Elsewhere in Africa (Lewis 1985) and

Ip Latin America (Ashby 1985), tubers have been
associated with accelerated soil loss.

Profitability: We expect better returns to agriculture
to unambiguously lead to more soil conservation an
fertility investments.

Wages, Farm and Nonfarn©Our hypothesis about Slope Steepness and Locaticgteeper slope (par-

the effect of the return to off-farm activity is ambigu- .tlcular.ly whgre th? ralpfall IS h'gh) increases the
incentive to invest in soil protection and to adopt less
ous. On the one hand, better returns off-farm mean

competition with on-farm investments. On the other® 0°'V€ forms of land use. Steeper plots are more

hand, greater off-farm income means more cash avans_usceptlble o erosion. But we expect that steepness

able to the household to invest on-farm. But labOIWI” also discourage the use of fertilizers and organic

and cash diverted to off-farm uses might also reducréwmer because of runoff.
the pressure on the land; it would provide cash to buy The issue of field slope has become more impor-
food, and might encourage the household to use lartdnt with increased population density. The steepest
in less labor-demanding ways, such as perennial cropateas have traditionally been reserved for pasture,
fallow, and pasture — ways that are also less miningvoodlots, and minor crops. Frequent fallow periods
of the soil. were commonly required. At the very outer rings of
Costs of Investmenthis is also reflected in the farm cultivation, toward the base of the slope z?md in the
labor wage (as farm labor is used to build the on—farn‘?wampy valleys, crops are grown alqng ridges that
infrastructure). fare built up fo_r pgrposes of water dralnagg. Increas-
ing land scarcity in recent decades has obliged many

Physical Incentives to Invest farmers to depart from this traditional system. As the

Fallow: We expect that farmers with less land inPreferred lands along the upper slopes became occu-
fallow will be more likely to invest, as their reliance Pied, young farmers were faced with the decision to
on presently-cultivated land is greater. As with S|0|oeeither cultivate smaller and less fertile plots farther
steepness, declining fallow has attained more impordown the hillside or to migrate elsewhere in search of
tance as an issue as population density has increas&dfficient land. Thus, our interest is both in the steep-
Fallow and pasture have been declining in recerff€SS of the slope and in hillside location (i.e., upper,
years because of the need to increase food produ@ddie, or lower), the two of which are closely asso-
tion (Clay and Lewis 1990). Only woodlots seem toCiated, with the steepest holdings being located on
have not suffered, thanks to a strong governmerif'® Mid-slope areas.

campaign aimed at replanting, as well as woodlopjstance from ResidencEarm fragmentation is the
maintenance at both the household and commungleographic dispersion of plots. We measure this by
levels. average distance(in terms of time) farmers must

Declining fallow appears to be linked with changeswalk to their pl_ots, rather than just the number of
in land use. Though some of the lost fallow andParcels or the size of the parcél<hapter 4 showed

pasture may be land that has been converted inthat smaller farms are much more fragmented than
woodlot, other findings suggest that households witharger farms.

insufficient landholdings are being forced to plant \we expect that as fragmentation increases and plots
more land in sweet potatoes and other tubers (Clagre more dispersed, farmers will have less incentive
and Magnani 1987; Loveridge et al. 1988). Tubergo improve their land, because of higher travel/trans-
have a higher caloric value than other crops, and tengttion costs. More distant parcels aften at the base

to grow relatively well in poorer soils (Gleave andof g hillside and invalleys, where the degenerative
White 1969), such as those commonly found oreffects of soil erosion are less sevanel where lands
steeper slopes. But in terms of soil erosion, tubers akgave been brought into productiamore recently.
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Plot Age In the past, Rwandan farmers could mi-Price Risk This is classified by Feder et al. (1992) as
grate in response to growing demographic pressuresg; variable affecting “confidence in the short term.”
they tended to move to the drier, eastern province§his usually reflects rainfall variability in Rwanda,
once the exclusive domain of the pastoralists. Todaygnd we expect it to be a disincentive to investment.
howeve.r, in the absence of gnoccupied lands, fa”TV\/eaIth and Liquidity Sources

ers cultivate the same holdings year after year, in

increasingly intensive ways. It may be reasonable tfarm Size Our hypothesis concerning farm size is
hypothesize that long-term cultivation will increase@mbiguous, as its effects are complex and inconsis-
the likelihood of investment in a given parcel. How-tent.

ever, all else being .e.qual, i_t will pe a sign of soil - on the one hand, larger landholders are better able
fatigue, perhaps a disincentive to investment. to spare land to set aside for anti-erosion measures,

Rainfall Greater rainfall is expected to lead to lessfor fallow, or for pasture or woodlot. Largeholders
erosive land use practices and more soil conservatidgnd to be wealthier, and so have more cash to hire
investments. This is discussed further below in théabor and buy inputs for land improvements
section concerning the slope of the plots. (Grabowski 1990).

Risk of Investment On the other hand, smaller landholders tend to
) o have more household labor available per hectare,

Land Tenure/Use Right§his is what Feder et al. . . oo .
which can be used to build and maintain soil conser-

(1992) termed “confidence in the long term._ Ourvation infrastructures that require a substantial and
hypotheses, based on conceptual reasoning, ar.

) Cdntinuous supply of labor.

straightforward. We expect farmers to make fewer

longer-term land improvements, such as bunds and Farmers with smaller landholdings have greater
terraces, on holdings rented-in with short-term uséncentive to improve their land, as they are more
rights. Such holding arrangements are risky, sincéependentdeteris paribupon less land than farmers
landowners can take back the land, which therebyith larger holdings (Boserup 1981; Ehui et al. 1992).
discourages investments by tenants. Empirical eviBoserup (1965) maintained that as population den-
dence for similar contexts is mixed, however. For ity increases and land becomes scarce (farms grow
smaller sample in Rwanda (in three prefectures_sma”er), fallow periods must be shortened and tech-
Butare, Gitarama, and Ruhengeri), Blarel (1989) ané#lologies must be adopted that are intensive in factors
Place and Hazell (1993) found farmers tended téhat substitute for land. Maro (1988) showed that
invest less in rented land. Migot-Adholla et al. (1990)increased population density in highland Tanzania
showed that in Ghana, p|0ts owned or under |0ngha8 led to agricultural intensification using irrigation
term use rights were more likely to be improvedin one area and terracing of steep slopes in another
(fertilized, mulched, irrigated, or have trees plantecrea.

on them) than those under short-term use rights such|, tne highland tropics, use of fertility-enhancing
as rental. But for Kenya they found the relationshinn s and soil conservation capital can increase the
between tenure and land improvements was weak —rtensity of production and sustain its use, thus sub-
because farmers feel secure in their ability to conggjyting for long fallows. Alternatively, more inten-
tinuously cultivate rented plots. sive use of family labor has facilitated the construc-

Moreover, we expect, as Cook and Grut (1989}ion of terraces, living fences, mulching, and other
found, that rented holdings will tend to be used forsoil conservation technologies (Cook and Grut 1989).
annual crop production, rather than for more protecApplying more labor to a given unit of land and
tive perennial crops and woodlots, whose value i®lanting more densely, however, are practices that
returned over a longer time period. seem unlikely to improve soil fertility in the longer
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run. On the contrary, without additional inputs orOther Household Characteristics
fallowing, we expect that the labor-led intensifica-
tion path will deplete Rwanda’s soils in the longer
run.

Family Size and EducationThe construction and
maintenance of soil conservation infrastructure can
be very labor-intensive. We thus expect that larger
However, the ceteris paribusassumption in the households,ceteris paribus, will be more able to
above paragraph has allowed us to ignore only for andertake them. Furthermore, the more educated the
moment what we must now recognize: Small farmerfiousehold members, and the better trained they are in
are driven to diversify incomes off-farm to manageland conservation practices, the more we would ex-
risk in fragile resource settings — risk that is anpect them to make investments and manage resources
incentive to diversify their asset portfolios and in-carefully.
comes to deal with an uncertain environment
(Binswanger 1986; Robison and Barry 1987). DATA

In sum, smaller farmers are compelled on the onée
hand to make these investments because they depedde reason for the dearth of empirical research on
more on their small plots, they can fallow less scthe determinants of land improvement investments in
need to seek intensification strategies, and have mogfrica is the difficult data requirements. On one
labor per hectare to use for land improvements. Butiand, such research requires data on the extent of
on the other hand, the very smallness of their farmgarmers’ conservation investments, implying either
and the riskiness of their environments mean that thihe physical measurement of terraces, for example,
desire is stronger to divert resources to diversify theior on the cash and labor time required to build them,
incomes. The cash from these off-farm activities,or both. On the other hand, a broader set of data is
however, can help them make improvements, a sulheeded to understand the farm management and
ject treated below. household strategy context of these investments.

Cash Income/WealthWith perfectly functioning HOUS?hOId farm ?”9‘ nonfarm income, gssets, demo-
credit markets and perfect information, householcgraphlc characteristics, and the ecological properties

wealth and liquidity sources, such as cash crop salég fe_1rm hold!ngs are examp!es of the kinds of infor-
mation required. Such multi-level datasets are rare.

and nonfarm income, should not affect investment.
But where there are imperfections in the credit mar- The data examined here, however, meet these var-
ket, as is probably the case in rural Rwanda, theoried requirements. They derive principally from a
suggests that one’s own liquidity sources (such agationwide stratified-random sample of 1,240 farm
off-farm income and crop sales) will be critical to on-households (operating 6,464 parcels) that were inter-
farm investments (Reardon et al. 1992). Moreoveryiewed in 1991 by the DSA of MINAGRI. Inter-
even where the credit market is functioning but unviews with the heads of households and/or their
derdeveloped, Reardon and Vosti (1992) contendesbouses were conducted over a six-week period be-
that the least likely investments to receive credit argjinning in June 1991. The survey instrument treated
conservation measures. both household-level variables (such as nonfarm in-
Thus, we posit no clear hypothesis about the effecgome) and parcel-level variables (such soil conserva-
of nonfarm income on agricultural investments. It isfion investments, land tenure, and steepness of slope).
conceptually a two-edged sword, providing liquidity To complete the data set for our present purposes, we
for on-farm investments bulso potentially compet- integrated this data with data sets on farm and live-

ing (as a destination for suitome)with these invest-  StOCK enterprise management from the ministry’s
ments. national longitudinal survey from the same sample of
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households. This survey was described in greatesurveyed households earn some nonfarm income.
detail in Chapter 2. Operational holdings are very small, and are frag-
mented into many smaller plots. The vast majority of
landholdings are owner-operated; only 8 percent are
rented. Most households own a few small ruminants;
Igzss than a quarter own cattle. There is strong varia-

DATA PATTERNS

Though most of the model variables were discusse . .
. . Hon over households in their (self-reported) degree
in Chapter 2, they are grouped and listed here accord- . . .
. o .0f knowledge of various soil conservation and pro-
ing to the model specified above (see Table 6.1). Iti - : : . -
. uctivity-enhancing practices. Agricultural profitabil-
important to note that for purposes of the presen% . . .

. . y, as well as price variability, show considerable
analysis, many of the summary statistics in Table 6.1” . .

. variation across prefectures.

are reported at the plot level (as indicated). These
figures may differ slightly from those reported at the
household level in earlier chapters. Also, because ddEGRESSION RESULTS AND
our current focus on conservation investments an®ISCUSSION
inputs use, parcels in pasture and woodlot (13.4 per-
cent of all parcels) have been excluded from thiShis section examines the determinants of land
analysis. management strategies in Rwanda. OLS and logistic
aglogit) regressions on soil conservation investments,
rfertility-enhancing input use, and land use (C-values)

C-value of 0.16), but there is great variation ove timated using th bles d ibed ab
parcels (with a coefficient of variation of 0.43). There®© e_s imated using e_ vanavles describe a_ ove
and in Chapter 2 of this study. The regressions

is also great variation over farm households in the o ] )
aexplalnlng C-values and conservation investments

degree to which they invest in soil conservation mea- ing OLS. O ic input q hased
sures: grass strips are most common, followed bf}re fun using - Lrganic Inputs and purchase

anti-erosion ditches, then hedgerows. Only 4.9 per-
cent of all parcels receive fertilizer/lime, but most
(69.5 percent) receive organic matter (mulch, ma-
nure, etc.).

Land use is, on average, fairly non-erosive (with

Figure 6.1. Share of Cultivable Land
Under Cultivation

Almost all land in rotation is cropped,; little is kept

under fallow. Larger farmers hold a greater share of 100+

land in fallow than do smaller farmers. Figure 6.1

shows that the quartile of households with the least § 0

cultivable land per adult equivalent cultivates 86 per- § |

cent of this area, whereas for the least land-scarce g ®

quartile, the figure stands at only 57 percent. Fields % .|

tend to be on slopes, and annual rainfall is high. g

These factors provide strong incentive for farmers to £ 20-

take appropriate measures aimed at controlling soil

loss. 0 T T f

0-9ares 9-15 ares 15-26 ares 26+ares

Nonfarm income (wages from hired agricultural Quartile of Gultivable Land per AE

and non-agricultural work plus one’s own business
income) constitute on average about one-third ofource: Computed from MINAGRI/DSA household
households’ total income, and about two-thirds of alkurvey data, 1989.
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(chemical) inputs use are estimated using logistisimply because they have had more time to make
regression, as the regressands are dichotomous dsigch investments.

to dqta Iimitatigns. The land use regression resglts Having nonfarm income reduces the C-value, prob-
gre discussed flrst., followed by those for conservatlor&bly for the same reasons as the nonagricultural wage
investments and input use. does. Moreover, the association could be due to cash
Land Use Determinants crop profits being invested in nonfarm business. More
As expected, the OLS results show that where agriivestock translates into more erosive land use, but
culture is more profitable, C-values are lower, indi-the reason why this occurs is not clear. That the value
cating protective land uses. Crops that provide th&f crop output means higher C-values is probably
best vegetative cover against soil erosion are pereRecause fallow has a very low C-value and no output

nials, mostly bananas and coffee, which generallyalue.

provide relatively high returns to land while requir-  Farmers’ knowledge of conservation- and produc-
ing a high labor input. A higher agricultural wage istjyity-enhancing technologies is strongly and signifi-

associated with higher C-values. As hired labor igantly associated with less erosive forms of land use
often applied to perennial crops, this may indicatq|ower C-values).

that where labor is more expensive, fewer perennials iher { ] ber of adults in a h
will be grown. As expected, a higher nonagricultural Neither farm size, nor number of adults in a house-

wage leads to lower C-values, meaning that WitHwId, nor dependency ratio show a statistically sig-

better opportunities off-farm, there is less pressure (gificant associlatlon _W'th the erosivity of Iahd use. No
crop annuals on-farm to ensure food security. clear conclusion arises from the regressions regard-

_ ing the impact of population growth (and the result-
Steeper slopes and more rainfall mean lower Cl‘ng decline in land availability per person) on C-

values, as expected — farmers are choosing MoK\ yes. This finding comes as no surprise given that,
protective land uses for steeper slopes and hillsidegs shown in Figure 3.7 of Chapter 3, crop composi-

than in the valleys. More land is allocated to bananagon goes not differ much over farm size categories.
on the hillsides than in the valleys, in part because

households prefer to locate bananas close to their Kangasniemi and Reardon (1994) explored in more
home compounds, which for historical and culturadetail the issue of the difference in C-values between
reasons are more often located on the moderatefmaller and larger farmers in Rwanda, and shed light
steep hilltops than in the valleys. The relationshig" the inconclusiveness of the farm and family size
between C-value and slope would probably be eveMariables in the land use regression here. They took
stronger except that, as Clay and Lewis (1990) arnto account (by adjusting the C-values accordingly)
gued, farmers have not grown their more protectivéhat small farmers: crop more densely (mixed and
crops (bananas and coffee) on the very steepest slop&¥€r-cropping), such as densely planted banana

This may also help explain why more distant fieldsdroves, and grow more trees per hectare (see Figure
have more erosive land uses. 6.2). They found that land use practices among the

most land-scarce quartile of households do not ap-

. ar to be any more erosive than those among higher
cussed above, land use rights also affect the use ? y g g

guartiles. In other words, although the current pat-
trees and shrubs. Rwandan households are far less L
) terns of land use threaten the long-term sustainability
likely to grow low C-value crops (bananas, coffee, . o
. f Rwandan agriculture, small farmer strategies in
and other perennials) on land they rent than on lan .
. the short- to medium-term have, overall, offset the
they own. Additionally, the longer farmers have op-. . . .
. . . TJnewtable impacts of population growth on the land.
erated their parcels, the lower will be the erosivity o
use. This may be because they feel more confident However, Kangasniemi and Reardon also found
that they and their families will reap the benefits ofthat above 2,000 meters altitude, which covers one-
the investments they make in perennial crops, ofourth of Rwanda’s agricultural area, land use prac-

Consistent with Cook and Grut's observation dis-
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tices are highly erosive and becoming more so witlone front in the larger war against erosion. How
population growth. The explanation lies in the factcrops are managed is another story. For instance, the
that few bananas are grown in these cooler areasffectiveness of coffee depends in large measure on
where banana yields are poor and their sugar contentulching, and our observations in the field show that
is low. Thus, while growing more bananas has beemany coffee fields were without mulch in the early
one of the main responses of rural households t©990s, in contrast to nearly universal mulching pre-
increasing land scarcity in most parts of Rwanda, thigiously. Some observers of Rwandan agriculture pre-
option is not attractive to land-scarce farmers in theicted some years ago that as the availability of
high-altitude areas. Farmers in these areas are mooeganic matter from previously uncultivated valley
inclined to grow tubers, which have much higherbottoms and other areas declined, mulching would
yields than bananas in that area, whether measureddecrease (Jones and Egli 1984). On the other hand,
terms of calories or market value, but are less effeanulching of coffee is mandatory and was rigorously
tive than bananas at controlling soil loss. Also, cof-enforced until the early 1990s. The decline in mulch-
fee, the second most important perennial, is rare abg in recent years may have more to do with the low
very high altitudes. coffee prices, which resulted in farmers neglecting
thelr coffee trees, and the reduced government con-
trol that allowed them to neglect these trees, than
with any decline in the availability of mulch.

DSA data from 1984 and 1990 also showed a major
expansion in the allocation of land to protective pe-
rennials. Land planted in bananas and coffee hay
expanded by one-fourth. Land in tubers, that provide In the case of bananas, the outlook is better, since
modest protection against erosion, has also increased, contrast to coffee, bananas produce their own
largely at the expense of maize and sorghum, whichulch. Thus, unless fuelwood shortage forces rural
provide only minimal protection against erosion. households to dry and burn their banana leaves and
Overall, both the cross-sectional view and Comtrunks bananas will continue to protect the land well

%gamst erosion. Of the ongoing land use changes, the

parisons over time suggest that the erosive tren
R . rapid expansion of banana groves is particularly im-
toward more cultivation is accompanied by a strong

. g portant for soil fertility. While bananas do not fix
trend toward crops that cover the soil relatively well
. . . |trogen they do produce much organic matter and
against erosion. However, land use practices are ong
re not dependent on fallow periods for their long-

Figure 6.2. Percent of Cultivated Land term productivity.
with Many Trees, by Size of Holdings
in Ares/AE

Conservation Investments: OLS Results

Table 6.2 shows that, as expected, agricultural prof-
itability provides farmers with a strong incentive to
invest in conservation technologies. Higher farm

wages correlate with more conservation investments.

an— The opposite effect is found for nonagricultural wages,

"25' presumably because nonfarm opportunities compete

B2 with those on-farm as discussed above.

g::_ Consistent with the capital-led intensification path

R 5 discussed earlier in this chapter, conservation invest-
0 : : . ments substitute for fallow. Farms with little land in
0-9ares 9-15 ares 15-26 ares 26+ ares fallow are more likely than others to intensify their

Quartiles of Cultivable Land per AE efforts by adopting soil conservation measures.

Source: Computed from MINAGRI/DSA household Farmers are also more likely to make investments

survey data, 1989. in soil conservation if their holdings are located higher
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Table 6.2. OLS and Logistic Regressions: Land Use/Investments/Inputs Model

Land Conservation
Use Investments Organic Purchased
. (C-value) (m/ha) Inputs Inputs
Independent Variables o o
(OLS) (OLS) (Logistics  (Logistics
Correlation Matrix: Land Use, Investments & Inputs
Land Use (C-value index) 1.00 --
Conservation Investments .05** 1.00 -- --
Organic Inputs -.18** L21%* 1.00 --
Purchased Inputs -.02 .06** LA1x* 1.00
OLS and Logistic Regressions
A. Monetary Incentive to Invest
Agricultural profitability index -.15** L12%* -.02* -.07**
Agricultural wage in prefecture .06** .09** .02* .08**
Non-agricultural wage in prefecture -.06** -.16%** -.04** -.10**
B. Physical Incentive to Invest
Share of holdings under fallow -.14%* -.04** - 11> -.06**
Slope (degrees) -.08** -.04%** -.06** -.05**
Location on slope (1=summit, 5=valley) .09** -.18** -.12%* -.02
Distance from residence .05* -.04** -.21%** .04*
Years operated -.07** -.00 .02* .00
Size of parcel -.05** .03 L22%* LA1x*
Annual rainfall -.07** 07** .00 LA1x*
C. Risk of Investment
Ownership rights (1=own, 2=lease) L19** -.07** -.19** .00
Price variation (1986-92) -.06** .01 -.02* -.03*
D. Wealth and Liquidity Sources
Landholdings owned -.04 -.23 -.15** .04*
Non-farm income -.03* .06** .03* .09**
Value of livestock .04* .05* 07 ** .00
Value of agricultural production .04** .04** 07 ** .00
E. Other Household Characteristics
Number of adults (aged 15-65) .02 .05 .04 .02
Dependency ratio .02 .00 .00 .00
Literacy of head of household (0=no, 1=yes) -.03* .00 .00 07>
Knowledge of conserv/prod technologies -.08** .00 -.00 .03*
Age of head of household (years) .02 .01 -.04 .00
RZ or % Correct prediction .13 .14 82.3% 94.7%

*Sig T .05 **Sig T .01'

Source: Computed from MINAGRI/DSA household survey data, 1989.
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on the slope. Historically, erosion has been the most Figure 6.3. Conservation Investments
severe on these upper slopes, where farmers tend to by Slope
grow beans and other important annual crops.

A\

The relationship between conservation investments 500
and field slope is complex. Though the OLS regres-
sions in Table 6.2 show a small but significant nega- ® g9}
tive association, closer examination of the relation-
ship between slope and conservation investments (se 1
Figure 6.3) shows that farmers invest most heavily in @
slopes ofmediumsteepness — those steep enough to g
need conservation investments, but not so steep as t@ 20
discourage investment for the following reasons: (a) pr
Traditionally, farmers placed their steepest slopesam
under pasture, woodlot, and perennial crops because
of their high susceptibility to erosion. This is evi- _ . .
denced by the inverse relationship between slope and 0-8degraes 9-15degrees 16-26degrees 26+ degrees
C-values discussed in the previous section. (b) It is Steepness of Slope

very costly to maintain investments on these slopes.

(c) The lightness and thinness of these soils makgource: computed from MINAGRI/DSA household

them especially prone to erosion. These characteri™" Y data, 1989.

tics also keep yields low and diminish returns to Consistent with our expectations, nonfarm income
investments in soil conservation. Thus a downwargs g liquidity source for investments (hiring labor,

spiral of low production and low investment is easilypuying materials) exerts a positive effect on conser-
set into motion (Pingali and Binswanger 1984), as/ation investments.

these marginal lands are taken out of their traditional . . .
The value of agricultural production and wealth in

uses (forest, long fallow, rangeland, etc.) and pult_ tock h onificant effect i

under more intensive cultivation. ivestock have significant effects on conservation

investments. More livestock and agricultural produc-

As anticipated, lands that are rented-in (a riskietion are also linked to greater use of organic inputs
context for investment) provide farmers with lessand production of higher C-value crops. It is likely

incentive to invest in soil conservation. But pricethat these associations are mutually reinforcing, and
variation has no significant effect on conservationthat wealth is not the only relevant factor to consider.
investments. Farms with livestock, for example, will use more or-

Larger landholders tend to make fewer conservadanicinputs not simply because they are wealthier, but
tion investments and use fewer organic inputs thaRSC because they have a steady supply of manure.

do smaller farmers. This may confirm the hypothesis No household characteristic has a significant effect
that credit (with land as collateral) is not important togn investments. The knowledge variable appears to
these investments. Largeholders also have more lanhve little effect on conservation investments when
under fallow and thus may feel less pressured tgneasured as an aggregate of all four types of invest-
protect the soils of their operational hoIdings. It mayment as we do here. However, C|ay and Reardon
also be that larger landholders are not compelled t01994), using the same data, showed that some con-
take conservation measures to meet daily food angervation practices are positively affected by this
cash needs. Many smallholders, on the other han@inowledge, while others are not. In particular, farm-
appear to recognize that such investments are vital s who have had greater exposure to conservation
their livelihoods, even in the short-run. Thus, thegnd fertility-enhancing technologies are more apt to
pressure to intensify farming practices is less foplant hedgerows than are other farmers. However,
larger landholders than for smallholders. this is not true for other investments. This difference

\
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may emerge because, unlike grass strips and ditchdsgve more fallow which substitutes for application of
the use of hedgerows to control soil loss is a relaerganic matter. By contrast, larger farmers are more
tively new technology for Rwandan farmers, and itdikely to use purchased (chemical) inputs. Unlike
application is less widespread. As the extension seconservation investments and use of organic inputs,
vice is an important vehicle for dissemination of thiswhich can be made using either household or hired
technology, it is perhaps for this reason that the posilabor, purchased inputs require cash. The greater
tive effects of farmer knowledge are greater forliquidity of larger farms enables them to use fertil-
hedgerows than for other, more traditional conservaizer, lime, and other purchased inputs to help im-
tion investments. prove vyields, particularly on cash crops such as po-

Use of Organic Matter and Purchased (Chemical) tatoes and coffee.

Inputs: Logistic Regression Results As expected, farmers with more nonfarm income
are more likely to use inputs, particularly purchased

Table 6.2 above shows unexpectedly that agricul:

tural profitability is a modest yet significant disin- |_nputs. Despite the low overall use rates for fertilizer,

centive to the use of both organic and purchaseltljme’ and other purchased inputs, Figure 6.4 shows

. . that farms in the higher nonfarm income categories
inputs. As expected, non-agricultural wage rates ex- , . .

. . . are almost twice as likely as the lower nonfarm in-
ert a negative effect on investments, again perhaps

because of competing nonfarm opportunities. come groups to use these inputs.

. Farms with greater agricultural output and live-
More fallow means lower use of organic inputs andt K likely t ic inouts (thev h
fertilizer, thus confirming the substitutability of fal- stock are more likely to use organic inputs (they have

low and inputs use for restoring soil fertility. more manure).

Fields higher on the slope are more likely to re- Knowledge of conservation- and productivity-en-

ceive organic inputs, but purchased inputs are ahancmg technologies is a positive and significant

likely to be applied to fields in the valley as at thegetermmant of farmers’ use of purchased inputs.
summit. Thus, farmers treat short-term investments,

such as purchased fertilizer, differently from those Figure 6.4. Use of Purchased Inputs by
that have a longer-term impact (organic matter). Level of Non-Farm Income

Also as expected, the steeper the slope of the plot,
the less likely it is to receive either organic matter or
purchased chemical inputs, because of runoff.

~ ®

As anticipated, for the use of organic inputs, lands
that are rented-in provide farmers with less incentive
to invest, as the risk of appropriation is greater. How-
ever, the use of purchased inputs is not affected by
ownership rights. Since the effects of purchased in-
puts such as fertilizer and lime tend to be more
immediate, typically lasting for only one growing
season at a time, renters are as likely as owners to
make this form of investment. Price variation (short-
term risk) discourages the use of both organic and p?m 1-3000 3001-15000 15001+
purchased inputs. Level of Non-farm Income (FRW)

N

-~

w

% Holdings with Inputs
N -

-

Farmers with more land are less likely to use or-
ganic inputs than are smaller farmers (as they are Source: Computed from MINAGRI/DSA household
means of intensification); again, larger farmers alsgurvey data, 1989.
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CONCLUSIONS risk) discourages the use of both organic and pur-
u chased inputs. (5) Smaller farmers are more likely to

Regarding land use determinants (in terms of erosiSe organic matter (as they have less f6.1|.|0W), but
ity), our key findings are as follows: (1) There is aIarger farmers are more likely to use fertilizer and
fortunate coincidence between better earnings froere’ probably be'cause they are more aple to afford
key cash crops (bananas and coffee) and lower erH]em_' (6) Farms in t.he h'gher nonfarm income cat-
sivity of land use. (2) The steeper the slope and thggories are about twice a likely as the lower nonfarm

more rainfall, the less erosive are land use choicd90Me groups to use purchased inputs. This implies

(coffee, bananas); the inverse is true for rented pIot?, credit constraint. (7) Farmers with more livestock

about which households have lower confidence iff'S€ more manure. (8) Farmers that receive extension
the long-term. (3) More nonfarm income and higherserwces are more likely to use fertilizer.

off-farm wage both reduce the erosivity of land use, In general, then, we find:

probably by taking the pressure off the farmer to

“mine” the land with annuals for food security. (4) "
Extension counts — farmers’ knowledge of conser-

vation and productivity-enhancing technologies is

strongly and significantly associated with less ero-

sive forms of land use.

Having insecure land use rights (rental) discour-
ages longer-term investments (such as soil con-
servation measures, planting perennials, and us-
ing manure and mulch), but does not discourage
measures with short-term effects, such as fertil-

izer use;
Regarding determinants of investments in soil con-

servation, our key findings are as follows: (1) The®
more profitable agriculture is, the more farmers in-
vest in soil conservation. (2) Farms with less land in
fallow make more investments. (3) Farmers make
more soil conservation investments in holdings that
are located higher on the slope, where erosion has
historically been the most severe, and on slopes of

medium steepness (steep enough to need anti-erosiomhe Rwandan government seeks to achieve the
measures, but not so steep as to discourage invesdilowing policy goals: Improve food security through
ment). (4) Farmers invest less in rented-in land. (Sihcreased farm productivity and profitability, combat
Smaller farmers make more investments. (6) Farmersoil degradation, and diversify rural household in-
with more nonfarm income make more investmentscomes (CNA 1992). In addition, long-term reform of
as they have more liquidity of their own with which the land market is on their agenda. We believe that
to buy materials and hire labor. (7) Use of extensiofhe above results lend empirical support to the mutu-
services promotes non-traditional types of investg|ly-reenforcing nature of these aims. Our conclu-
ments. sions should also be important to external donor pro-

Regarding determinants of the use of organic matgramming, as they imply that, under certain
ter (mulch, manure, etc.) and purchased inputs (fe€ircumstances, projects aimed at developing non-
tilizer, lime), our key findings are: (1) Organic matterfarm enterprises by farm families can indirectly pro-
substitutes for fallow. (2) Inputs are less likely to bemote sustainable intensification and soil conserva-
used on steeper slopes because of runoff. (3) Renté@n on-farm. Moreover, increasing the extension
land receives fewer organic inputs. The effects ofervice’s emphasis on new and appropriate conser-
fertilizer and lime are more immediate, however, so/ation measures has clear payoffs at the farm level,
confidence in land use rights in the longer term doegnd also increases the compatibility of the above
not affect their use. (4) Price variation (short termpolicy goals.

Nonfarm income, an important source of one’s
own liquidity in this setting of underdeveloped
credit markets, is important for undertaking sub-
stantial outlays for soil conservation investments
and input purchase, and apparently acts as a
buffer that allows farmers breathing space to
make long-term investments in perennials.
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/.Implications

The horror of genocide and civil war have turned théfrica, conducted by DSA/MINAGRI. DSA has been,
world’s attention to Rwanda over the last year. Butand we hope will be again, one of the national trea-
before and beyond that conflict, there was and will besures of Rwanda.

hunger and the slow, grinding poverty of smallholder

icult itted inst land it 4 soil The DSA baseline survey covered a nationwide
agrieu ur.e pited against severe fand scarcity and sl ndom sample of 1,248 households (operating 6,464
degradation.

plots), and was undertaken over 11 years, from 1984
This report is about reversing the spiraling declingo 1994. The survey enumerated production and other
in rural Rwanda. Three things conspire to make umctivities of the sample every week over the course of
this decline — unsustainable land use practices (imra year. Most of the report focuses on data collected
tensifying land use without sufficient investment infrom 1989-1991. The baseline data were supplemented
soil fertility and land improvement), insufficient non- with data from the DSA agroforestry survey, which
farm employment, and rapid population growth.  enumerated soil conservation measures taken by

We focus on the forces behind productivity declines"jlmpled householgls in the baseline sur'V('ay, as well as
reported changes in long-term productivity and per-

in Rwandan agriculture. The report examines the fol- -
. . ceived determinants of these changes.
lowing four sets of questions.

key findi hat R f
B What are the patterns of land and labor produc- Our key findings are that Rwandan farmers need to

L sustainably intensify their farming by first protectin

tivity in Rwanda? How do these patterns vary by . y. y. g by p . d
. the soil against erosion, and then enhancing soil fer-

agro-ecological zone? By crop? How do Rwandan

. . __tility through the use of organic matter (manure, mulch,
productivity levels compare with other countries . . . ) .
. . etc.), chemical fertilizer, and lime. Without more in-
in the region?

put access and use, as holdings grow smaller, the
B What are the determinants of land and labor proinevitable intensification of farming will be based
ductivity? In particular, what are the impacts ofonly on adding more labor and cropping more inten-
farm size (and hence demographic pressure), farsively (the labor-led path), both of which will de-
input use, livestock husbandry, soil degradationgrade the soils and lead to greater hardship.

land use and landholding changes, soil conserva- .
. . The labor-led path can appear to be successful in
tion investments, and the nonfarm income strat-

) the short term, but in the long term it undermines the
egies of farm households? . . .
natural resources base of agriculture — with predict-
B What are the determinants of farm input use (esable yield consequences. Where farmers are now
pecially fertilizer and organic inputs) and invest-making these investments, we report successes. We
ment in soil conservation measures on farms? find that success in following the capital-led path is

B What kinds of incentive policies and programsOﬂen predicated on confidence in the future (owning

will promote sustainable land management anc?nET Isnd), knowled%e fromffefxtensmn gerV|cis,Idcgsh
productivity enhancement? and labor resources from off-farm earnings, holding

livestock to provide manure, and planting perennial
The research is based on collaboration betweeggsh crops.

DSA/MINAGRI and Michigan State University
(MSU), in the context of the MSU Food Security |l
Cooperative Agreement with USAID.

The rest of this chapter discusses (1) trends in
Rwandan agriculture and performance thereof, par-
ticularly with respect to yields, (2) study findings

The data used in the research derive from a detaileggarding the determinants of productivity, (3) study
farm-level survey, one of the most comprehensive ifindings regarding the determinants of land use, soil
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conservation investments, and use of inputs, and (4) Interzone differences in land productivity are sub-

policy and strategic implications. stantial for specific crops, and for crops in the aggre-
gate. The extremes are the two western zones, with
the Northwest producing twice as much per unit of

land as the Southwest.

TRENDS AND PROBLEMS

Rwanda'’s rate of population growth is still among the Compared to larger farms, smaller farms have higher
world’s highest (above 3.0 percent annually). Theiryields (60-95 percent higher, depending on the crop)
average rural population density of 574 inhabitant&ind marginal value products of land. Labor produc-
per square kilometer of arable land is the highest itivity on smaller farms is lower than on larger farms.

Africa. Most arable land is under cultivation. Coffee and bananas (the key cash crops, and crops

Under this demographic pressure, farm sizes arthat protect the soil from erosion) and cassava yield
very small, averaging 0.83 hectares per household particularly better on smaller farms (with cropping
and getting smaller with the increasing rural populaimore intensive in labor). The smaller the farm, the
tion. Land is unequally distributed by smallholdermore land is allocated to bananas and coffee. Smaller
African standards. Use of fragile lands on steep slopdarmers, however, prefer potatoes (sweet and white)
is expanding, and fallow periods are growing shorterto cassava, as the former have higher yields (per

. . hectare) in caloric terms. Bananas and white potatoes

Chapter 3 examined trends in aggregate, zone-level

and farm stratum (b . , g’rovide the highest returns to labor.

y farm size) patterns in averag
land and labor productivity. The evidence presentee
confirms that per capita food production is decliningDETERMINANTS OF PRODUCTIVITY
in Rwanda — from 1984 to 1991, it dropped by 25
percent. Half of the farmers surveyed report decliningChapter 4 examined cross-sectional survey data on
productivity. Half of Rwanda’s farmland suffers from production, input use, and capital investment, focus-
moderate to severe erosion. DSA/MINAGRI data foring on how these factors affect productivity in Rwanda.
1984-1991 show that, except for maize, yields of allt tested the hypotheses that (a) small farms have
major crops (bananas, beans, sweet potatoes, cdsgher land productivity than large farms, (b) soil
sava, sorghum, maize, and coffee) have declinearosion strongly reduces land productivity, and (c)
There has been a strong decline in yields of tubersoil conservation investments strongly improve land
the main source of calories for the poor. FAO datgroductivity. If smaller farms had more eroded soils
supports the DSA data on this overall productivitythan larger farms, the effects of erosion would be to
decline, showing that Rwanda lost much of its yielddiminish any gains in productivity obtained through
superiority to similar countries in the region duringgreater intensification. However, we find that smaller
the 1980s — falling behind in cassava, maize, swedarms do not have more eroded soils (in the short- to
potato, and (compared to some countries) coffee. medium-run at least) than larger farms because they

. . .. use more soil conservation measures. We found four
However, Rwanda still has comparatively high
sets of key results.

yields in its main cash crops — white potatoes,
sorghum, coffee, and tea. Moreover, despite the yield First, we found a strong inverse relationship be-
declines of the 1980s, bananas and sweet potatogeen farm size and average and marginal land pro-
still can produce large quantities of calories peructivity, with the opposite being true for labor pro-
hectare. These crops, together with maize (which haductivity. For smaller farms, the marginal value
a strong potential for higher yields), hold promiseproduct of land is well above the rental price of land,
either as food or cash crops. implying factor use inefficiency and constraints to
land market access. By contrast, for larger farms the
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value product and rental price are nearly equal. ThEarmers’ perceptions about the causes of this changing
findings for labor are the inverse: The marginal valugoroductivity. This chapter also examined some of the
product of labor for smaller farms is well below thekey linkages between population pressures and
market wage, while they are nearly equal for largedeclining agricultural productivity, specifically those
farms. This implies that there are constraints to accedimkages involving demographically induced changes
of labor market opportunities for the smaller farmin the structure of landholding.

households. Emphasis was placed on five important landhold-

Second, land productivity on very eroded farms igng variables of profound importance to farmers in
21 percent lower than on farms with little erosion.Rwanda, i.e., tenure arrangements (ownership versus
The most extreme case is for farms with a small shanagse rights), size of holdings, geographical dispersion
of high-value cash crops (bananas and coffee) anddd holdings, fragility (steepness of slope), and years
small share of cultivated area to which fertilizer orof operation.

C_”Qa”'c matter has bee'n applied. The level of produc- Previous studies and current findings reveal that
tivity on these farms is 36 percent lower than on

o ) population pressure iRwanda has been accompanied
farms with little erosion. .
by dramatic changes along several of these landhold-
Third, on average, farms with a relatively highing dimensions. More than ever, farmers must rent
level of soil conservation investment have 25 percerthe land they operate, their holdings have radically
greater land productivity than those with few of thesadiminished in size, and they see little alternative to
investments. Farms with a high share of low-valudarming the steep and fragile slopes once held almost
crops (food crops, annuals) and high erosion gain thexclusively in pasture, woodlot, and fallow.

most from these investments; they have 33 percent These factors have had a measurable impact on
higher productivity than the average. Those that ga'@hanges in agricultural productivity as reported by
the least are households with a large share of perep. . .

armers. Less stable land use rights (i.e., land rental

nial cash crops and low erosion. rather than ownership), expanded use of fragile lands
Fourth, increasing the share of farm output comingn steep slopes, and longer periods of use have all

from high-value cash crops (bananas or coffeegontributed to a decline in soil productivity over time.

strongly benefits incomes of smallholders, with landFarmers reported that on nearly half of their culti-

productivity increasing by 50 percent. The yield gainsvated land there has been a long-term decline in

from shifting to cash crops are clearly highest foryields.

those with better farm conditions, i.e., those with low

) , . i Off-farm income is shown to improve productivity
erosion and high use of fertilizer and organic matte

"for the largest and smallest farms, but not for those in
There appears to be a degree of substitutabilitthe middle. Larger holders often convert off-farm
between perennial cash cropping and soil conservaarnings into purchased inputs. By contrast, we specu-

tion investments. The catch is, however, that gettingate that smallholders benefit from off-farm income,

a strong farm yield and income effect from cashnot because it is used to purchase inputs, but because
cropping requires that land be less eroded to begiitends to be used to purchase food. In turn this takes
with, and that farmers be able to use substantial quapressure off the land and allows farmers to maintain
tities of improved inputs (fertilizer and organic mat- some of the less intensive agricultural practices to
ter). restore productivity, such as fallowing.

Chapter 5 also focused on land productivity, but Livestock ownership translates into improved pro-
from a different perspective. Here we examinedductivity, especially for largeholders. This is due to
farmer-reported data on the long-term changesttle loss occurring in the cycling of nutrients on
observed in land productivity and fertility, and large farms, since livestock graze on owned land kept
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in pasture and fallow. Smaller holders must transporinvestments, our key findings are as follows.
manure from wherever !'VeStOCk .ar.e grazed or Stabl?ﬂ The more profitable agriculture is, the more farm-
in order to recapture its beneficial effects on sall
fertility. Transporting manure is not a common prac-
tice in Rwanda, and would lead to some loss oM
nutrients even where it is practiced.

ers invest in soil conservation;

Farms with less land in fallow make more invest-
ments;

Farmers make more soil conservation investments
in holdings that are located higher on the slope,

where erosion historically has been the most se-

vere, and on slopes of medium steepness (steep
enough to need anti-erosion measures, but not so
steep as to discourage investment);

Soil conservation investments on steep slopes, 8
well as farmer education (both for literacy and pro-
ductivity/conservation techniques) also have a sig-
nificant payoff.

Most farmers perceive overuse of land as the villain
in the productivity decline, and use of organic and
purchased inputs as the way to reverse the trend. S#
conservation investments are also seen as being neg-
essary to help arrest the decline, but not sufficient to

Farmers invest less in rented-in land;

Smaller farmers make more investments;

lead to improvement. W Farmers with more nonfarm income make more
investments, as they have more liquidity of their
own with which to buy materials and hire labor;
LAND USE, SOIL CONSERVATION and
INVESTMENTS, AND USE OF INPUTS
B Extension services use reinforces nontraditional

Chapter 6 examined the determinants of agricultural ~ YP€S of investments.

intensification, i.e., what drives land use, soil conser- Regarding the determinants of organic input use
vation investments, and the use of inputs. Regardingnulch, manure, etc.) and purchased inputs (fertil-

land use determinants, our key findings are as folizer, lime, pesticides), our key findings are as fol-
lows. lows.

B There is a fortunate coincidence between bettejg
earnings from key cash crops (bananas and cof-
fee) and lower erosivity of land use; u

Organic inputs substitute for fallow;

Inputs are less likely to be used on steeper slopes
due to runoff;

B The steeper the slope and the more rainfall, the ) o
. . eF Rented land receives fewer organic inputs. The
less erosive are land use choices (coffee, ba- . . . )
. . effects of fertilizer and lime are more immediate,
nanas). The inverse is true for rented plots, over i ) , i
. . . however, so confidence in land use rights in the
which households have lower confidence in the )
| . longer term does not affect their use;
ong-term;
m More nonfarm income and a higher off-farm Wage. Price variation (short-term risk) discourages the

both reduce the erosivity of land use, probably by use of both organic and purchased inputs;

taking the pressure off the farmer to “mine” the m
land with annuals for food security; and

Extension service use counts — farmers’ knowl-
edge of conservation and productivity-enhancing
technologies is strongly and significantly associ-

ated with less erosive forms of land use. [ |

Regarding the determinants of soil conservation
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Smaller farmers are more likely to use organic
matter (as they have less fallow), but larger farm-
ers are more likely to use fertilizer and lime,

probably because they are more able to afford
them;

Farms in the higher nonfarm income categories
are almost twice as likely as the lower nonfarm
income groups to use these purchased inputs.



This implies a credit constraint; agricultural policy debate thereafter.

B Farmers with more livestock use more manure; The contributions of this report are in: (1) under-
and scoring and focusing on priority strategies and ques-
. . . fions among the many issues that have come in and
B Farmers that receive extension services are more ) ) )
. L out of development debate in the highland tropics of
likely to use fertilizer. ) X o ;
Africa, and (2) the systematic application of detailed,
In general, then, we find: (1) Having insecure landthationwide survey data to these key questions. More-
use rights (rental) discourages longer-term investover, the report points to the great value of excellent,
ments (such as soil conservation measures, plantingational agricultural statistics services and the na-
perennials, and using manure and mulch), but do&sonal capacity to analyze data and provide insights
not discourage measures with short-term effects, sugdr policy debate.

as fertilizer use. (2) Nonfarm income, an important , .
In the medium- to long-run, attaining rural food

source of one’s own liquidity in this setting of under- . o ) : )
. . security objectives in Rwanda, and in the highlands
developed credit markets, is important for undertak-

) . . L of East Africa in general, depends on farmers’ sus-
ing substantial outlays for soil conservation invest-"" . o , .

. tainable intensification of agricultural production.
ments and input purchase, and apparently acts asGa wth of cultural output K ith
buffer that allows farmers breathing space to make o ot agricuiiural output must keep pace wi

. . : the country’s rapid population growth and is neces-
long-term investments in perennials. ; N , .
sary to build trade ties in the region and abroad. This

will require greater use of improved inputs.

STRATEGICAND POLICY I _ ,
IMPLICATIONS What are the priorities for increasing the use of

improved inputs? There are limits to what can be

In 1992 the Rwandan government announced its stré’i‘-CC(_)mp“sheOI by merely _|nten5|fy|ng crgpplng bY
tegic policy goals to raise and sustain rural foooalddlng labor and .|ncrea's.|ng'crop.densmes T th|s
security. These were: (1) increase farm productivit);abor'led. pat_h to intensification will not stop. SO'I_
and profitability, (2) combat soil degradation, and (3)o_legradat|on m_the ang run. Rather, wg have identi-
diversify rural household incomes to increase purf"EOI the.foIIOW{ng pnorlty strateg'les. First, fgrmers
chasing power and reduce pressure on the land (CNrAeed to invest in and maintain soil conservation mea—
1992). In addition, although interest in productivity SUr€S Such as bunds and terraces to protect input

was traditionally focused on food self-sufficiency forappllcgtlons and fight erosion. Se'cond, the use of
Rwanda, interest in recent years has turned to jrRrganic matter (muich from perennials, manure from

creasing the output of products that are promisin(‘é‘mmals' .and green manure from windbreaks) and
prospects for intraregional trade. ertilizer/lime needs to be greatly increased.

Government and donor attention is focused now) N€ Right Conditions

and will be for some t|me, on the immediate pl’0b|emf‘v\/e have |earned that farmers will not and cannot
of the displaced, relocation, refugee camps, and diggeatly increase the use of these key inputs and in-

ease and hunger occasioned by the four years of cijestments without certain conditions being present.
war. But in the medium term, the government and

donors will need to turn their attention back to the 'St it is clear that after four years of civil war,
food security goals highlighted in the previous Ioaraj‘armer confidence needs to be restored. Without po-

graph to ensure long-term survival and developmeA{t'Cal stability it will not be possible to expect pro-

in Rwanda’s countryside. We hope that the findingsduc’['vIty investments.

of this report and their implications will be taken into  Second, agriculture needs to be profitable from
account in present efforts to move from “relief to both the output price side and the input cost side. We
development,” and serve as strategic guideposts ifind that the drop in the coffee price reduced invest-
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ments in coffee, and the high cost of fertilizer madeand perennial crops.

it unaffordable for many. We have already referred to the decline in manure

The general conditions of stability and profitability availability (per hectare) caused by the disappearance
are, however, necessary but not sufficient. More spesf pasture land and livestock. Though small rumi-
cific policies and programs are needed to enable farrmants, especially goats, seem to be increasing in num-
ers to make investments once the general conditiorizer, there has been a significant decline in the number
are in place. of cattle raised. When measured in Tropical Live-
Third, we find that farmers need confidence in theStOCk Units (,TLU)’ the overall trend has been down-

. ward, both in aggregate numbers and per hectare
longer term through secure land tenure. This means )
. . - . . (Rwamasirabo 1991).
reducing the risk of appropriation, and increasing
their right to transact land. This will require reform of There appear to be several constraints to the greater

the land laws. The implications of political stability use of animal manure.

on land tenure and productivity are discussed again The first constraint is that Rwandan farmers have

below. not made sufficient use of available livestock
Fourth, farmers need knowledge of productivity intensification technologies. For example, the
and conservation practices; we show that extension great majority of livestock owners still graze their
services have been, and can be, an effective tool for animals away from home, often on public lands.
technology dissemination in Rwanda. Permanent stabling technologies for cattle,
goats, and sheep are used by approximately 25
percent of the households (Rwanda 1986). Though
low, this figure is a considerable improvement
over the 5 percent permanent stabling rates re-
ported in 1984. We see the slow shift to more
intensive livestock technologies as a shortcom-
ing of local research and extension services. The
technologies exist and have been applied suc-
cessfully in other countries, but need to be more
aggressively adapted and disseminated in Rwanda.

Fifth, farmers need cash income to buy materials,
animals, and labor — for productivity and conserva-
tion measures — which can be expensive relative to
a single year's crop income. Key sources of cash are
nonfarm activity and cash cropping. Nonfarm activi-
ties also increase the demand for crops through down-
stream production linkages. Alternative income
sources also reduce pressure on the land. These can
be promoted through nonfarm microenterprise pro-
grams. It will also be useful to address the develop-
ment of rural credit institutions. B The second constraint, which is tied to the first,

is that Rwandans do not collect animal manure

for application on the farm, as is done in China
The presence of the appropriate conditions will spur  and other Asian countries. This represents a sig-
demand for improved inputs. Programs and policies nificant loss in valuable organic matter, particu-
should be ready to increase the supply, accessibility, |arly for small farmers who tend to graze their
and use of inputs, and to encourage conservation [ivestock on public lands. On-farm handling of
investments. We believe that the findings presented manure can also be improved. Under current prac-
in this report have clear implications for external tices, the nitrogen content of manure is dimin-
donor programming, and for the broader relief to  jshed due to exposure to the sun.
development trajectory that the donors envision for
post-crisis Rwanda. u

Strategic Priorities

The third constraint is that, by international stan-
_ dards, livestock mortality rates are very high
Access to Organic Inputs (Rwamasirabo 1991). East Coast fever and other

“Relief to development” strategies of donors and preventable diseases are the primary causes.

Rwanda’s new government need to include building Research and extension programs need to focus on
up the base of productive assets — notably livestock
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alleviating these constraints. Building stables, inteSoil Conservation

grating fodder and crop production, and the use 0&qj| conservation in Rwanda is still a long way from
hedgerows to grow fodder are all areas for potentiajhat has been achieved in Nepal, Peru, the Mandara
improvement. Fodder-banana-hedgerow interactiongiountains of Cameroon, and other regions where
deserve high priority in the national agricultural re-mountain agriculture prevails. Unfortunately, there
search and extension services agenda. are few lessons that could be learned from Rwanda’s

Local research on livestock diseases and veterinafjighboring states.

services should also be given priority by Rwanda’s |y zaire, Uganda, and Tanzania, problems of land
new Ministry of Agriculture and in donor program- scarcity have been far less intense and more localized
ming. This is another area where relief to developthan in Rwanda; all are relatively land-rich and less
ment funds could have a significant payoff. mountainous. Burundi, on the other hand, has much

In short, the necessary shift from extensive grazing common with Rwanda, but it, too, is still looking
to intensive livestock husbandry was well on its wayfOr answers. Recent reports from the Machakos dis-
in Rwanda by 1990. But losses from four years offict of Kenya, however, offer a sign of encourage-
civil war have left many households without a sourcénent that the downward spiral can be reversed (Tiffen
of manure. Using disaster relief to build and refill €t al. 1994). Much of Rwanda has a population den-
stables, and to focus on animal diseases will helity similar to that of Machakos, though much of the
Research and extension services on fodder cropguccess in Machakos appears to have been due to

manure handling, and disease control technologigdrban proximity — in combination with cash crop-
deserve priority attention. ping and agricultural support services. We also find

that the latter two factors affect soil conservation
investments in Rwanda.

The supply of purchased inputs is also constrained. Rwanda’s long campaign to increase farm-level

There have been numerous small pr.o.jects. designed &gnservation investments should be reconstituted and
increase the supply and use of fertilizer in RV\”andaupgraded with new and varied technologies that have
but these have primarily relied on government fertil—been successful in Kenya’s Machakos district and
izer imports and .subsidies. Private sector ir_nport%ther regions of the East African highlands. Control-
have k_’ee” cor?stralned by government regulation ar":hg soil loss through conservation investments has
licensing requirements. been shown here to be a necessary condition to im-

The study and promotion of the fertilizer/lime proved productivity. Priority should be placed on
subsector are needed. The focus should be on corgsearch and extension services that make options
straints to private sector input marketing. Govern-available to farmers (rather than the coercive, state-
ment regulations and licensing requirements that inenforced system employed in the past).

hibit fertilizer imports should be examined and Rwanda has underinvested in the use of green
potentially eased or eliminated. manuring and other agroforestry practices. The inte-

Extension services are also needed to promote usirgjation of trees into cropping systems, for example,
purchasednputsfor food crops, not just for cash crops. has not yet been extended very far in Rwanda, despite
the successes of on-station research trials (Yamoah et
Many smallholders suffer from severe cash con-

. o o al. 1987). Green manure is applied to less than two
straints to buying inputs and making investments,

Our findings encourage further study of institutionalIoercent of the farm holdings, and hedgerows are grown

. on just 22.7 percent of all holdings.
options to make rural and secondary town banks andn : P g

other sources of credit more accessible to farmers, Technological research is needed on intensification
perhaps along the lines of the Grameen bank. of inter- and mixed-cropping techniques that increase
output and crop density, and incorporate cash peren-

Access to Fertilizer and Lime
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nials, but protect the soil. Moreover, research onheir home communities. Furthermore, most of these
conservation investments in the context of the watemen say that they intend to return to their land some
shed is needed, including collective action to promotelay, either in their retirement or sooner, when times
household investments. get tough.

Land Tenure These cultural patterns are compounded by the
Land tal ‘ d absentee landholdi country’s social, political, and economic instabilities,
and rental agreements and absentee fandno In|<9articularly in Rwanda’s urban areas. Landholding is

effectively lower investments in land productivity, a safety net for many whose livelihoods and social

including conservation investments and the use 0étanding in the city are insecure. The tragic events of

inputs. Revision is needed in land policies and tradl-1994 have doubtless sent many thousands of urban

tional practices, such as laws prohibiting land Salesf’amilies back to the land, and reinforced in almost

that _|n_1pede I_and transactions and contribute to proe—very Rwandan’s mind the importance of maintain-
ductivity decline.

ing these ties. Thus, instability leads to absentee land-
This report has shed empirical light on the particuholding, which, in turn, is a disincentive to conserva-
lar intermediate linkages through which mountingtion and fertility investments.

demographic pressure affects land degradation, andlnstability can even deter investments among rural

in so doing, has broadened our spheres of IOOIICXwner—opera\tors whose title to land may be uncer-

action. One. of th_e most important |htermed|ate Imk'tain, and among those whose uncertainty moves them
ages examined is land tenure, which is affected b

¥ avert risk by placing their accumulated wealth into

population pressure and, in turn, has been shown tr(f"wre liquid assets. Cash, livestock, and other goods

affect land management strategies. In short, the da}:aan be easily transported and exchanged in times of

show that farmers seldom invest in land they do no<Erisis, such as drought or war. By contrast, investing

own. More rented land means fewer investments. We . o
ih their land means that farmers must sacrifice a

srl]erlse tlhat pEpu!atlon change affects the growth ogiegree of liquidity. The risk can be significant during
the rental market in two ways. times of uncertainty, as millions of Rwandans, the
First, land scarcity has compelled each successivaajority of whom are still living in refugee camps in

generation of households to look beyond the boundZaire, Tanzania, and Burundi, can affirm.
aries of their family holdings. Renting from others, Thus, a policy environment that reduces the risk

often in distant locations, is one way farm househOIdfperceived or real) of appropriation of landholdings

meet the need to augment their operational hOIdIngsrﬁust be a priority concern. This is true not only from

Second, there is evidence that absentee landhold-human rights perspective, which has been the focus
ing has increased along with the growth of Rwanda’'®f much recent attention, but also from a natural
urban centers. In fact, we contend that the reason whesources management point of view. To date, little
land rentals in the South-Central zone are higher thamought has been given to how the political events of
elsewhere is because of the relatively large urbathe 1990s have affected Rwanda’s natural resources
populations (Kigali, Butare, and Giterama) in thisbase.

Zone. Even in times of peace and relative stability, how-

Landholding and the maintenance of rural roots arever, policies and local custom may be doing more
fundamental to Rwandan cultural heritage, and arearm than good in terms of land management prac-
responsible for much of the country’s absentee landices. Though further study is necessary, we hypoth-
holding. Though no firm figures exist on the extent ofesize that the belief that the land is the property of all
absentee landholding in Rwanda, even a casual coRwandans, along with current legal restrictions on
versation with a random group of rural-born menthe sale and ownership of land, tend to discourage the
living in Kigali will reveal that most still own land in sale and purchase of land while encouraging the land
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rental market. In addition, because land rental is &terest in relating productivity research results to
disincentive to conservation and fertility investment,strategies for specialization by region, to increase
policies and beliefs that impede land transactionsverall national output and better position Rwanda
contribute to degradation and productivity decline. for intraregional trade. Our report makes some crop-

To be sure, laws prohibiting land sales are noFpecific suggestions for zone-level promotion of crops.

. .Moreover, such promotion can be linked to process-
enforced in many areas. Land sales do occur in

Rwanda, though there appears to be significant +dng infrastructure and input delivery system invest-

gional variation in the regularity of such transactions.ments by the government and private firms. We stop

Evidence of this variability is suggested by the find—Short’ however, of making strong recommendations

ing that proportionately four times as much land ..concerning area-specific specialization from our di-

acquired through purchase in the Northwest Zonéalgnostlc results. These results are reported at the zone

than in the South-Central zone. What accounts folreV(_eI’ Wh'Chd's ?ft&n broaderRthandthe ntChe arzfa for
these differences? To what degree are they attripuf: 9'VEN Product. VIOTeover, wandan farmers diver-

able to Rwanda’s land laws? These are importan%Ify risk and take advantage of micro eco-niches at

policy questions that will need to be addressed bSpresent, and there needs to be more research on the

crop mix objectives and decisions of farmers (the
members of the new Rwandan government as theg/ i X i : i
ubject of a forthcoming thesis from this project by

seek to stimulate agricultural production and improve o
) S Kangasniemi).
its long-term sustainability.

Regional Specialization

The Rwandan Ministry of Agriculture has expressed
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Notes

1. The complete sample frame includes a total of

1,248 households. However, due to military/
political tensions in the prefecture of Byumba,
along the Uganda border, interviewers were
unable to conduct fieldwork in the region,
and 8 (0.6 percent) of the 1,248 sampled
households had to be omitted from this study.
Sampling weights have been adjusted ac-
cordingly.

In the field, enumerators estimate densities rela-
tive to the normal densities of purely cropped
fields in the region. These densities are then
standardized so that they add up to 100 per-
cent. For instance, the 66/33 banana/bean
field mentioned in the example may have
been estimated by the enumerator to have an
80 percent density for bananas and a 40 per-
cent density for beans.

3. Some of these values differ greatly from those

published in the U.S. For example, the C-
value of 0.45 found for tobacco in Rwanda is
significantly larger than it is in the U.S. This

is the result of the differences in agricultural

practices between the heavily subsidized,
commercial tobacco production in the U.S.,
and small, farmer-produced tobacco for home
consumption and local sale in Rwanda.

4. Excerpt from Uwamariya et al. 1993 (translated):

Calculations for labor input by crop derived as
follows:

Farm labor time by season (hours): not having
data on the number of days or hours of labor time
dedicated to farm activities, we needed to esti-
mate them, by season and by prefecture, using
the following assumptions:
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B The seasons start and end at the same time in
all regions. Season A starts in September and
ends in January, and season B starts in February
and ends in August.
B The labor day is:
¢ 6 hours in the prefectures of Butare,
Cyangugu, Gikongoro, Gitarama,
Kibuye, and Kigali
¢ 7 hours in the prefecture of Byumba
+ 8 hours in the prefecture of Gisenyi
+ 9 hours in the prefecture of Ruhengeri
B There is no farmwork in July. Farmers work
half-time in January, February, June, and
August in the prefectures of Butare,
Cyangugu, Gikongoro, Gitarama, Kibuye,
Kigali, Ruhengeri, and Gisenyi; they work
one-third time in August in Byumba. In the
prefecture of Kibungo, farm work is negli-
gible in August.

Labor allocation by crop: (hj/ha):

Estimates of labor time by crop came from
“'Etude de I'Université Nationale du Rwanda
(UNR) sur les colts de production et politiques
des prix agricoles et de I'élevage au Rwanda.”
Their data came from a survey undertaken from
March 1986 through May 1987 in the 12
agroclimatic regions of the country, with 40
“secteurs” of data used. These represent a na-
tional farm average; data are expressed in man-
days of 8 hours per-hectare and per-season (hj/
ha/saison).

The calculations were applied to the crop years
1989, 1990, and 1991.

Weighted averages:

The number of adult equivalents by household of
the “total labor force by household” was esti-
mated from data on demographic characteristics



of the DSA sample for the 1990 Season A. With-
out considering the sex of household members,
we divided the population in the three categories
according to age. Persons greater than or equal to
15 years old and below 60 represent 1 adult
laborer. Those from 6 to less than 15 represent
0.25 adult laborers. Those over 60 also represent
0.25 adult laborers. The total labor force is the
sum of the persons thus weighted.

Hours of available family labor time were calcu-

lated by multiplying the total number of adult

laborers per-household by the labor time per-
season.

The hours of available family labor time, plus
hired labor time, minus family labor time sold,
equal the available labor time per-household.

The coefficient of labor allocation per-crop was
calculated as follows: the area under each crop is
multiplied by the number of adult laborer days
per-hectare needed to produce the crop, estimated
by the UNR per-season. For example: UHAR =g
HAR*209; UHAR represents the number of hours
required per-hectare to produce beans.

The total number of hours required over all cropsg.
(UTOT=UHAR+UPOIS+...) gives the total la-
bor time in agriculture.

7.
We divide the labor time allocated to each crop
by the total farm labor time to obtain the “coef-
ficient of allocation of labor by crop.” For ex-
ample, CHAR = UHAR/UTOT; char represents
the share of labor in beans.

Overall labor productivity (FRW/hour): The in-
put costs are subtracted from the total value of
the crops (quantity of output times price), and we
divide the latter value by the total number of
available labor hours per-household.

Labor productivity per-crop (FRW/hour): By di-

viding the value of the output of each crop by the
product of its coefficient of labor allocation and
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the total available labor time by household, we
obtain labor productivity per-crop. For example,
PTHAR = VHAR/(CHAR*HMOAG), and
PTHAR represents the labor productivity of beans
in FRW/hour.

Assumptions:

+ All family members work at the same inten-
sity on all crops.

+ The price of cropis the same in all regions.

¢ The labor times by crop estimated by the
UNR (the national average in mandays per-
hectare per-season) are applicable.

¢+ Farm inputs are minor in the calculations.

¢ Purchased seed is not subtracted from the
gross value of the crop output to obtain net
output.

¢ Labor time allocated to pastoral labor, for-
estry, and food processing are not subtracted
from the total labor time available to the
household.

Prefecture-level market prices for Rwanda’s major
crops were collected monthly by the Minis-
try of Planning.

We used the procedure set out in Rivers and
Vuong (1988).

Note that the survey did not enumenateenthe
changes in productivity reported by the farm-
ers occurred — whether before or after the
application of improved inputs or soil con-
servation investments, acquisition of live-
stock, and so on. Because our analysis fo-
cuses on observed change in productivity
over time, questions of temporal sequencing
and causal ordering become especially ap-
parent. Thus, we assume that the predictor
variables have not changed over time, e.g.,
that a large farm today was a large farm in
the past, even before changes in productivity
may have occurred. Admittedly there may be
cases where this is not actually the case, but



the occurrence of this error is random and9. Estimates are weighted according to parcel size,

will not bias the results. At worst, our re- as well as for the household’s probability of
ported measures of association will be slightly selection, because the OLS regressions are
lower as a result. estimated using plot-level observations.

8. In the regressions, we do not include number of
parcels because that variable is highly corre-
lated with farm size.
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